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Dexamethasone adjuvant therapy and intramuscular 
ceftriaxone in adult bacterial meningitis in Malawi,

Central Africa

Matthew Scarborough

Abstract:
Background: In sub-Saharan Africa bacterial meningitis is common and carries a 
high mortality. Steroid adjuvant therapy reduces mortality in adults in the developed 
world but has not been adequately tested in developing countries or in the context of 
advanced HIV.
The mechanism of action of adjunctive steroids in bacterial meningitis is 
incompletely understood but may involve down regulation of the host’s pro- 
inflammatory cytokine response.

Methods: Randomised, double-blind, placebo-controlled trial of dexamethasone 
(16mg twice daily for 4 days) versus placebo and an open label trial of intramuscular 
versus intravenous ceftriaxone in adults with an admission diagnosis of bacterial 
meningitis in Blantyre, Malawi. Primary outcome was mortality at 40 days from 
randomisation.
CSF or serum levels of IL8, IL1, IL6, IL10, TNFa and IL12 were measured at 
admission and at 48 hours in 93 patients by cytometric bead array.

Results: 465 patients were recruited over a period of 30 months. Streptococcus 
pneumoniae was isolated in 275 cases (59%). Median time to presentation was 72 
hours (IQR 48-144), and mean GCS on admission was 10.4 (+-3.5). 90% of 434 
patients who consented to testing were HIV positive.
Patients were randomized to dexamethasone (233) or placebo (232) and to 
intramuscular (230) or intravenous (235) ceftriaxone. There was no significant 
difference in mortality at 40 days in the steroid group (129/231) compared to the 
placebo group (120/228) by intention to treat (OR 1.14; 95%CI 0.79-1.64) or when 
analysis was restricted to those with proven pneumococcal meningitis (68/129 
steroid vs. 72/143 placebo (OR 1.10; 95%CI 0.68-1.77)). Combined ‘death and 
disability’, hearing impairment and adverse events were similar in each arm. There 
was no difference in mortality with intravenous (121/230) compared to intramuscular 
(128/229) ceftriaxone (OR 0.88; 95%CI 0.61-1.27).
CSF levels of TNFa, IL6 and IL8 were associated with a low admission GCS. CSF 
levels of TNFa and IL8 were higher in pneumococcal disease as compared to 
meningococcal disease and were associated with higher mortality by day 10 in 
patients with proven bacterial meningitis.

Conclusions: Bacterial meningitis in this setting presents late and is strongly 
associated with HIV co-infection. Dexamethasone adjuvant therapy for bacterial 
meningitis in adults did not reduce mortality or morbidity. Intramuscular ceftriaxone 
was not inferior to intravenous ceftriaxone for the treatment of bacterial meningitis. 
Cytokine expression was unaffected by the use of steroid adjuvant therapy.

xv



CHAPTER 1: INTRODUCTION

1.1 Bacterial Meningitis

1.1.1 Incidence and mortality

Bacterial meningitis is amongst the top ten causes of infection related death 

worldwide (1). Its incidence in developed countries is estimated to be 2-5/100000 

per year and may be ten times that in developing countries (2;3). In Southern 

Malawi, the incidence rose by 800% between 1974 and 1998, much of the rise being 

attributed to the HIV epidemic. Currently, one in forty of acute medical admissions 

to the adult medical wards in QECH are due to meningitis, half of which are likely to 

be bacterial in origin (4). Prior to the current trial, mortality from bacterial meningitis 

in Malawi was estimated to be 56% for all comers and 65% for pneumococcal 

meningitis (5). By comparison, overall mortality due to bacterial meningitis amongst 

adults who are not treated with corticosteroid adjuvant therapy in the West is 15% 

(6), although up to 50% of survivors suffer permanent neurological disability on 

recovery (3).

1,1.2 Historical perspective

At the start of the 20th century, mortality due to acute bacterial meningitis was almost 

universal for pneumococcal and H. influenzae disease and 75 - 80% for 

meningococcal disease. The first effective intervention was recorded in 1913, 

intrathecal equine meningococcal antiserum given to 1300 patients with 

meningococcal disease reduced mortality to 31%. Subsequently, use of antisera 

proved beneficial in H. influenzae, reducing mortality to 85%, but provided little 

advantage to patients with pneumococcal disease (7).
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With the introduction of antibiotics in the 1930s and 1940s, mortality due to 

meningococcal and H. influenzae meningitis treated with sulphonamides and 

chloramphenicol respectively fell to less than 10% (8). For pneumococcal 

meningitis, the first notable improvement in mortality came from high dose penicillin 

therapy which resulted in mortality falling to 38% (9). Bacterial meningitis was 

therefore considered a potentially curable disease with variable mortality and 

morbidity rates for individual pathogens and patient groups. Nonetheless, despite 

continuing improvements in antimicrobial therapy and supportive treatment, the 

mortality of bacterial meningitis in adults remained relatively unchanged from the 

1980s until the turn of the century. In particular, death due to pneumococcal 

meningitis remained stubbornly in excess of 25% (10). This underlined the need to 

search for alternative approaches to treatment and was one of the main drivers for 

research related to the understanding of the pathophysiology and the use of adjuvant 

therapies.

Publication in 2002 of a study of adults in Europe with bacterial meningitis 

demonstrated significant mortality benefit of dexamethasone adjuvant therapy (6). 

This finding represented the first major advance in improving outcome from bacterial 

meningitis, particularly pneumococcal meningitis, for several decades. Prior to this 

publication, we commenced a trial of dexamethasone adjuvant therapy in adults in 

Malawi. This study is the foundation upon which this thesis is based.
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1.2 Meningitis in Malawi

The unfortunate combination of poverty, limited access to health care, rising rates of 

HIV infection and the pneumococcus underlie the urgent necessity to look for new 

interventions for bacterial meningitis in sub-Saharan Africa. In this section, I will 

look at factors which are likely to be contributing to the high mortality rates and 

briefly discuss possible interventions which may be of benefit.

1.2.1 HIV. Streptococcus pneumoniae and meningitis

In recent years, several factors have contributed to the changing epidemiology of 

bacterial meningitis. Where it is available, vaccine technology has had a

considerable impact on the incidence of invasive pneumococcal disease with good 

evidence of herd immunity amongst unvaccinated adults (10; 11). In sub-Saharan 

Africa however, where vaccines are least accessible, it seems likely that HIV is the 

single most important factor influencing the changing epidemiology of meningitis.

In a carefully conducted prospective study from the United States, the incidence of 

invasive pneumococcal disease was 803 per 100 000 person years in HIV infected 

patients as compared to 35 per 100 000 person years in the general population (12). 

A further study from the USA demonstrated that recurrent pneumococcal 

bacteraemia was more likely in HIV infected patients. 23 patients out of 432 patients 

with pneumococcal bacteraemia had recurrent episodes, and 87% of recurrent 

pneumococcal bacteraemia episodes occurred in HIV infected patients (13). Given 

that HIV infection impacts on both the incidence rate and recurrence rate of invasive
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pneumococcal disease, it is not surprising that the prevalence of HIV in sub Saharan 

Africa influences the epidemiology of pneumococcal meningitis. In Malawi, there 

has been an eight fold increase in the rates of hospital admission for meningitis since 

the start of the HIV pandemic (4). Over 80% of adults with bacterial meningitis in 

this region are HIV co-infected (14; 15). HIV infection is recognised as a major risk 

factor in Malawi for pneumococcal meningitis in both adults (5) and in children (16) 

but, in a study from Kenya, HIV infection had little influence on the incidence of 

adult meningococcal disease (17). The association between HIV and invasive 

pneumococcal disease is unfortunate; pneumococcal meningitis is not only the most 

common, but is also the most severe form of community acquired bacterial 

meningitis and carries the highest mortality rate and frequency of neurological 

sequelae (6).

Despite this finding, it is unclear whether outcome from a single episode of invasive 

pneumococcal disease is affected by HIV status. Adult patients in Europe with both 

HIV and pneumococcal meningitis were shown do better than those who had a 

comparable pneumococcal episode but were HIV negative (18). In contrast, in a 

paediatric population from Africa, outcome was significantly worse and recurrent 

episodes of bacterial meningitis more frequent in HIV infected children compared to 

HIV uninfected children (16).

In view of the strength of association between HIV and invasive pneumococcal 

disease, there is an urgent need to assess the effect of interventions to reduce the
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impact of HIV on the incidence of bacterial meningitis and, in particular, 

pneumococcal meningitis. Three such interventions are considered briefly below.

Highly active anti-retroviral therapy (HAART) is currently unavailable to the 

majority of HIV infected individuals in Africa, although access to HAART has 

improved dramatically as a result, for example, of the World Health Organisation 3 

by 5’ initiative and the Gates partnership. In the USA, HAART has resulted in a 

decrease in the incidence of invasive pneumococcal disease in patients with 

advanced HIV by approximately 50% (19). Continuing promotion of public 

awareness and access to HAART remains a priority.

A second strategy might be the use of prophylactic antibiotics against pneumococcal 

disease. Daily co-trimoxazole prophylaxis has been shown to reduce HIV related 

morbidity and bacteraemia in Cote d’Ivoire (20) although the impact specifically 

against invasive pneumococcal disease was not addressed. No benefit was 

demonstrated in a similar trial of co-trimoxazole primary prophylaxis among adults 

in Senegal (21). No analysis of prophylactic antibiotics on the impact on 

pneumococcal meningitis has been reported.

A third strategy is the deployment of vaccination against pneumococcal disease. 

Polysaccharide pneumococcal vaccines (23 valent) have been demonstrated to 

protect against bacteraemia and meningitis (but not necessarily pneumonia) in the 

developed world. (22;23). However, amongst HIV infected adults in Uganda not on 

HAART, the 23 valent polysaccharide vaccine resulted in a significant increase in 

pneumonic illness and a trend towards a greater incidence of invasive pneumococcal
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disease amongst vaccinated patients (24). A subsequent study amongst HIV 

infected patients in Taiwan who were on HAART demonstrated a reduction on the 

rate of bacteraemia in vacinees (25). It is tempting therefore to assume that HAART 

dictates, in part, efficacy of the polysaccharide vaccine in HIV infected patients 

although this has not been clearly demonstrated in a prospective trial.

Conjugate pneumococcal vaccines show greater promise than the polysaccharide 

vaccine. Conjugate pneumococcal vaccines have been used in the USA since 2000 

and were incorporated into the childhood vaccine schedule in the UK in 2006. 

Although apparently highly effective in reducing invasive disease amongst children 

and amongst unvaccinated adults in America (26), there is concern that the serotypes 

included in this vaccine may be inappropriate for use in Africa. The serotypes 

covered in the vaccine represent the predominant circulating strains in N. America 

and include serotypes most commonly associated with reduced penicillin sensitivity 

(26). The currently available 7 valent vaccine would cover only 25% of invasive 

pneumococcal isolates in adults in sub-Saharan Africa (27). Despite the concern 

over serotype appropriateness, a 9 valent conjugate vaccine designed for use in the 

USA showed significant benefit in children in South Africa (28) and a trial of the 

seven valent conjugate vaccine as secondary prophylaxis in adults with a history of 

pneumococcal bacteraemia or pneumococcal meningitis has recently been completed 

in Malawi and shows significant benefit amongst HIV infected patients not on 

HAART (personal communication N. French). It is likely that a vaccine designed for 

use in Africa would provide additional benefit but it is uncertain whether 

manufacturers will consider development of alternative vaccines to accommodate 

geographic variation in serotype prevalence.
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A further problem related to the pneumococcal conjugate vaccines is the evidence 

that vaccine serotypes are being replaced by serotypes not covered in the vaccine 

(29). Although there is no suggestion to date that this will render the current vaccine 

redundant, there is sufficient concern regarding serotype replacement to result in 

rapid vaccine redevelopment (30).

Although pneumococcal disease predominates, there are many other bacterial causes 

of meningitis reported from sub-Saharan Africa. Amongst the most common are the 

meningococcus, Haemophilus influenzae and Gram-negative rods such as non-typhi 

Salmonella. Meningococcal meningitis periodically reaches epidemic proportions, 

particularly in the classical meningitis belt, which extends from Ethiopia in the East 

to Senegal in the West (31). It is highly probable that an effective and affordable 

vaccination campaign for this region would limit the occurrence or extent of 

epidemics. However, there are many problems associated with the implementation 

of such a strategy. The polysaccharide vaccine currently in use during epidemic 

periods was developed for a market in industrialised countries. It is relatively weak 

in its immunogenicity when given to young children and antibody concentration 

tends to fall within three years (32). It therefore requires repeated dosing. In 

contrast, the more recently developed conjugate meningococcal vaccines result in a 

more durable antibody response. In addition, they block colonisation and produce 

herd immunity, even when given to children less than 2 years of age (33;34). As a 

result, there is now a concerted effort to manufacture and deploy conjugate 

meningococcal serogroup A vaccine to at risk populations through an international 

collaboration between the WHO, the Program for Appropriate Technology in Health
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and the Serum Institute of India (35). The logistics of implementing mass 

vaccination programmes over such large areas are extremely complex and require 

considerable political and health service commitment from local governments and 

the international community. Many agencies, including the Global Alliance for 

Vaccine and Immunisation, are currently working towards achieving this goal.

Haemophilus influenzae causes a significant burden of disease in the paediatric 

population, accounting for almost a third of cases of bacterial meningitis (16,36) . 

As with meningococcal disease, the incidence of meningitis due to Haemophilus 

influenzae is likely to fall considerably with the deployment of an effective 

vaccination programme. Like meningococcal disease, the incidence of meningitis 

due to Haemophilus influenzae does not appear to be influenced by HIV co-infection.

Bacterial meningitis due to Gram-negative rods is uncommon in adults but carries a 

case fatality rate of almost 80% (4). It is strongly associated with HIV co-infection.

Although beyond the scope of this discussion, Cryptococcal meningitis is the most 

common type of meningitis in Malawi and is almost exclusively associated with HIV 

infection (4;37). TB meningitis also causes a significant burden of disease, most of 

which in this setting occurs in patients co-infected with HIV.
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12.2 Delays in the initiation of therapy

It is widely accepted that early antimicrobial therapy is important in reducing the 

mortality and morbidity associated with bacterial meningitis (38-40). Although data 

from clinical trials has not universally proven conclusive (41), it is likely that a delay 

in therapy is associated with an adverse outcome in patients presenting with severe 

disease (42;43). In a retrospective study of 269 patients with community acquired 

bacterial meningitis, delay in the initiation of antibiotic therapy was associated with 

adverse outcome if the patient’s condition progressed to the highest stage of 

prognostic severity as judged by the presence of hypotension, altered mental status or 

seizures, each of which was an independent predictor of adverse outcome (39). More 

recently, a retrospective study of 123 cases of bacterial meningitis demonstrated an 

adjusted odds ratio (OR) for death of 8.4 for a delay of more than 6 hours between 

presentation and antibiotic administration. Factors associated with such a delay 

included failure to administer antibiotic therapy prior to transfer from another 

institution (OR 21.8) and obtaining a CT scan prior to lumbar puncture (OR 5.6) 

(38). The risk associated with delay in initiation of therapy prior to transfer to 

hospital is concerning and could be addressed in part by use of the intramuscular 

antibiotics, particularly in settings where referral facilities are unable to administer 

intravenous therapy. Intramuscular administration of ceftriaxone has been shown to 

be effective in the management of bacterial meningitis (44;45) and results in 

adequate CSF concentration when given with steroid adjunctive therapy in children 

(46) but data relating to adults is limited.

Apart from the obvious logistical difficulties in accessing early health care in Africa 

(e.g. distance to hospital, transport shortages) several other factors contribute to

delay in diagnosis and therapy.
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Firstly, delay in the community commonly results from diagnostic uncertainty as 

exemplified by a study from Tanzania. Of 4474 patients admitted with a clinical 

diagnosis of severe malaria and started on malaria therapy, only 46% had parasites 

on blood film (47). In another paediatric study from Africa, an initial erroneous 

diagnosis of malaria was though to contribute to a delay in the diagnosis of bacterial 

meningitis in 22.5% of cases (48). In view of the fact that both malaria and 

meningitis commonly present with similar initial symptoms, notably headache, fever 

and altered level of consciousness, this may not be surprising. However, the standard 

treatment for malaria in Malawi is ‘Fansidar’, a sulphadoxine-containing preparation. 

Sulphadoxine is an antibiotic with a long half-life which crosses the blood brain 

barrier. It may therefore affect both the presentation of bacterial meningitis and the 

interpretation of CSF results. Other studies, particularly those from developing 

countries, show that 21 - 56% of patients with a diagnosis of bacterial meningitis at 

admission have been pre-treated with antibiotics in the community prior to referral 

(49-51). The incidence of these prior treatments implies a delay in accurate 

diagnosis and consequently a delay in the initiation of appropriate therapy. There is 

clearly a need to promote public awareness of the symptoms of meningitis, more 

aggressive diagnostic capacity and a higher index of suspicion of bacterial meningitis 

in patients presenting with fever and headache.

Delay in establishing the diagnosis may arise after presentation to hospital if 

appropriate investigations are neglected or delayed. There may be a tendency to 

avoid performing lumbar punctures because of the perceived difficulty or potential 

risks associated with the procedure. In this regard, it is worth emphasising that a
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lumbar puncture is the only investigation capable of establishing or excluding a 

diagnosis of meningitis, and of distinguishing between bacterial, fungal and TB 

meningitis; these diagnoses cannot be diagnosed or distinguished by history or 

clinical examination findings alone. Without appropriate therapy, meningitis due to 

any of these three aetiological agents is almost invariably fatal (7,37,52).

The risks of complications from lumbar puncture are often overemphasised and need 

to be evaluated in the context of available care. A common reason given for 

‘postponing’ or deferring lumbar puncture is the risk of coning. It is accepted 

practice in the West to obtain a CT or MRI scan prior to lumbar puncture in any 

patient with focal neurological signs (including recent new-onset of fits), 

papilloedema or reduced level of consciousness (53). Such practice is based upon 

the fact that these clinical signs are significantly predictive of new abnormalities on 

unenhanced CT scan (54). Additional indications for CT scan prior to lumbar 

puncture that have been advocated include immunocompromised state and a history 

of CNS disease (55). This approach is inappropriate to the majority of practitioners 

in Africa because of the lack of imaging facilities available. Even where imaging is 

available, coning cannot reliably be predicted by the presence of abnormalities on CT 

scan, nor can a normal CT scan exclude the risk of coning (56). Brain herniation may 

occur in cases of bacterial meningitis who have not had a lumbar puncture (53). It is 

therefore difficult to ascribe a causal relationship between coning and lumbar 

puncture and there are no reports in the literature which unequivocally relate a 

devastating neurological deterioration to lumbar puncture in a previously 

neurologically normal patient.
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In the West, much effort is expended in identifying the causative organism so that 

appropriate therapy can be instituted early. Circumstances in many resource-poor 

settings dictate that the accuracy of the microbiological diagnosis is less secure. 

Many institutions have no culture facilities and, by necessity, clinicians rely heavily 

upon the history, the naked eye appearance of the CSF and, if available, microscopy. 

In some centres, including Blantyre, the use of urine dip sticks provides a semi- 

quantitative measure of CSF glucose and protein (57;58), a valuable, rapid and 

relatively cheap contribution to aid in the diagnostic process. However, despite the 

availability of diagnostic tools such as these, significant difficulty in distinguishing 

different types of meningitis remains. In Malawi, where cryptococcal meningitis is 

the commonest CNS infection in adults (4), a major problem lies in distinguishing 

IBM  from cryptococcal meningitis. Both are usually, but not always, associated 

with a lymphocytic pleocytosis and both tend to have a clinical history of more than 

5 days (37;59). A cheap, field friendly, low-tech diagnostic test capable of 

distinguishing TBM, cryptococcal and bacterial meningitis would be of considerable 

benefit in this setting.

The use of cryptococcal antigen testing or culture is feasible in some centres but not 

in the majority, and the sensitivity of the India Ink stain limits its usefulness (60). 

Reliance is commonly therefore placed upon the use of urine dip-sticks, a high 

protein and low glucose being more predictive of TBM or bacterial meningitis than 

cryptococcal meningitis. The sensitivity of urine dipsticks in distinguishing 

cryptococcal meningitis from either IB  meningitis or from bacterial meningitis has 

not been formally addressed. Flowever, a diagnostic scoring system has been

1.2.3 Establishing the microbiological diagnosis
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developed in Vietnam which has shown reasonable sensitivity and specificity in 

distinguishing TBM from bacterial meningitis (61). The scoring system relies upon 

five key features which are available at or soon after presentation of a patient with 

suspected meningitis (age, length of history, white-blood-cell count, total 

cerebrospinal fluid white-cell count, and cerebrospinal fluid neutrophil proportion) 

and has been validated in a population with a similar incidence of HIV infection to 

that seen in Vietnam (62). The utility of this scoring system in the context of high 

HIV prevalence will be discussed in greater detail in a subsequent section.

1.2.4 Therapy and antibiotic resistance

The issue of antibiotic resistance is of particular relevance to areas of high HIV 

prevalence since resistance is more common amongst isolates from HIV infected 

patients than in isolates from HIV uninfected patients, particularly for Streptococcus 

pneumoniae (16;17;63).

Bacterial meningitis is an infection in a body compartment that has little innate host 

resistance. Specific antibody and complement are frequently undetectable in the 

CSF (64) and phagocytosis is inefficient and bacterial multiplication is rapid (65). 

Optimal treatment therefore requires adequate CSF penetration of a bactericidal 

antibiotic to which the infecting organism is sensitive (66).

CSF concentration of antibiotic is dependant upon the molecular properties of the 

antibiotic and the integrity of the blood brain barrier. For antibiotics that are lipid 

soluble, such as chloramphenicol, penetration into the CSF is high and reaches 30 - 

40% of the serum concentration (67). For less lipid soluble drugs such as penicillin,
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CSF penetration is limited. Even in the presence of inflamed meninges, penicillin 

concentrations in the CSF may still only be 5% of the serum levels (68). This 

provides the rationale for the higher dose regimen used in bacterial meningitis as 

compared to other forms of severe sepsis. High dose regimen are of particular 

importance in the context of increasing resistance to antimicrobials, especially the 

penicillin based therapies for which reduced sensitivity may be overcome by 

adequate antibiotic concentrations.

Once in the CSF, antibiotic efficacy depends upon the sensitivity of the infecting 

organism. Over the past few decades, there has been a global rise in antibiotic 

resistance of bacterial isolates from patients with meningitis. Increasing resistance to 

both penicillin and chloramphenicol has been reported in all age groups from several 

different areas in Africa. Notably, resistance of H. influenzae to chloramphenicol 

amongst neonates in Kenya rose from 8% to 80% between 1994 and 2000 (69). In 

Nigeria, there is a similar incidence of chloramphenicol resistance amongst the 

pneumococcus isolates (70). A recent report from Malawi reports penicillin and 

chloramphenicol resistance amongst isolates from adults to be 14% and 24% 

respectively (27). Even more worrying is the increasing incidence of dual resistance 

amongst isolates to both chloramphenicol and penicillin (71) Although the clinical 

implication of reduced penicillin sensitivity remains controversial, many 

practitioners in sub-Saharan Africa no longer consider penicillin an acceptable 

therapy for patients suspected of having invasive pneumococcal disease, especially if 

the central nervous system (CNS) is involved.
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Although the main stay of empiric therapy in much of Africa remains penicillin and 

chloramphenicol, there is increasing evidence to consider changing the first line 

therapy to a third generation cephalosporin. Apart from the sensitivity data already 

discussed, several other arguments strongly favour such a change. Firstly, 

ceftriaxone and cefotaxime have a proven record of clinical efficacy in the treatment 

of bacterial meningitis when compared to penicillin and chloramphenicol (72-77). 

Secondly, ceftriaxone has the advantage that once daily dosage is effective in treating 

adult bacterial meningitis (73;74). This has obvious advantages for both patient 

comfort and nursing time. Thirdly, with the expiry of the patent for many of the 

third generation cephalosporins, the daily cost of therapy with a cephalosporin may 

now be significantly less than that of penicillin and chloramphenicol.

1,2,5 Vaccines

Vaccines are now available for the three primary organisms which cause bacterial 

meningitis in adults. The utility of pneumococcal vaccination has been discussed in 

detail in a previous section.

The H. influenzae type b vaccine has been in wide spread use in the USA since 1987 

where, within ten years, it resulted in a reduction in the incidence of H. influenzae 

meningitis by up to 94% (10,78). The effect of this has been to shift the 

epidemiology such that H. influenzae meningitis is now primarily a disease of adults, 

particularly in areas where vaccine uptake is high.

A serogroup C meningococcal vaccine has been used in the UK national vaccination 

strategy since 1999, and a quadrivalent vaccine (serotypes A, C, Y and W135) was
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approved in the USA in 2005 for use in adolescents and adults. In the UK, the 

vaccine was found to provide 97% protection amongst adolescents (79) and resulted 

in a degree of herd immunity for unvaccinated adults as evidenced by a reduction in 

invasive group C disease by about a third in this group (33). Similarly, the recently 

developed meningococcal serogroup A vaccine results in sustained protection and 

prevention of asymptomatic carriage (35;80)

The ultimate goal of any vaccine programme is to change a potentially fatal disease 

into one that is preventable. The drawback for the developing world is that such 

advances are costly, often serotype inappropriate (27) and very slow to be deployed 

in the setting where commercial returns may be limited despite the prospect of 

benefiting maximal number of patients. In addition, the development of successful 

vaccines in the West is liable to reduce the research interest into the diagnosis and 

management of bacterial meningitis in general. Vaccine technology can undoubtedly 

change the epidemiology of bacterial meningitis but is unlikely to be a health priority 

in Africa for some considerable time outside the setting of epidemic meningitis in the 

Sahel region.

In summary, bacterial meningitis continues to be a significant health problem in 

developing countries. There are many reasons why mortality is high in this setting 

and several strategies have been considered in order to address this issue. 

Streptococcus pneumoniae is the commonest organism identified. It carries a high 

mortality and is frequently associated with HIV co-infection. Increasing awareness 

of the symptoms and epidemiology of bacterial meningitis amongst both health 

workers and the public, and the promotion of early hospital referral, early diagnosis
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and appropriate antibiotic therapy are likely to improve prognosis. Improved access 

to HAART, vaccine development and deployment, and the use of primary antibiotic 

prophylaxis may reduce the incidence of bacterial meningitis.

Evidence for the use of steroid adjuvant therapy in reducing mortality due to 

bacterial meningitis is the subject of the next section.
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1.3 Dexamethasone adjuvant therapy

In order for a new intervention to be employed in the developing world, it must be 

cheap, sustainable, easily administered and safe. One such therapy that has been 

widely advocated in the therapy of bacterial meningitis is adjunctive dexamethasone.

It is believed that the host inflammatory response rather than the invading organism 

per se is responsible for neurological injury (81). Theoretically, attenuation of the 

inflammatory response should therefore reduce the incidence of neurological injury 

and the associated mortality and morbidity.

This section will review the pathogenesis of bacterial meningitis with particular 

interest in the role of the inflammatory cascade in the development of neurological 

injury and the potential role of dexamethasone as an anti-inflammatory agent in 

ameliorating mortality and morbidity. The emphasis will be on pneumococcal 

disease as the predominant cause in Malawi. Reference will be made to other 

organisms where appropriate.

1,3,1 Pathogenesis of bacterial meningitis

In order to establish an infection in the subarachnoid space, the microbe must first 

colonise an epithelial surface, enter and survive in the blood vascular system, cross 

the blood brain barrier and multiply in the CSF. This requires the successful evasion 

of several host defences, both innate and adaptive.



The principal site of colonisation by the pneumococcus and N. meningitidis is the 

mucosal epithelium of the nasopharynx (82). In the case of pneumococcus, simple 

colonisation is a common occurrence. In Malawi, approximately 50% of children 

below the age of 5 are asymptomatic carriers and may remain colonised for up to 18 

months (83). The carriage rate amongst children at some time in their first two years 

of life is thought to be greater than 90% (84). Several virulence factors facilitate 

colonisation of respiratory epithelium, including IgA proteases produced by the 

pneumococcus (85) and the expression of pili (86). Given the incidence of carriage, 

invasive disease is reliably avoided in the vast majority of potential cases.

The mechanism by which the pneumococcus crosses the epithelial surface to gain 

entry to the blood vascular system is uncertain but might include platelet activating 

factor-dependent endocytosis initiated by binding of phosphorylcholine, a 

characteristic component of the pneumococcal cell wall (87). N. meningitidis enters 

epithelial cells by endocytosis mediated via a protein receptor mechanism and is 

carried across the cell in a membrane bound vacuole (88). By contrast, H. influenzae 

passes between epithelial cells, disrupting tight junctions to reach the basement 

membrane. It is possible that the pneumococcus also uses this strategy to gain access 

to the vascular system.

Once in the blood stream, the bacteria encounter many different host defence 

mechanisms including phagocytes, complement, immunoglobulin and NK cells. The 

major virulence determinant enabelling evasion of these components of immune 

system in the blood is the polysaccharide capsule, uncapsulated strains being 

virtually unable to cause invasive disease (84).
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Entry to the CSF requires passage across the blood brain barrier. The mechanism by 

which this is achieved by the pneumococcus is poorly understood but probably is 

dependent upon diapedesis initiated through the PAF receptor-phosphorylchohne 

mechanism mentioned above (89).

Bacterial cell wall constituents, principally peptidoglycan and techoic acid in the 

case of Gram positive bacteria (90;91), engage pathogen-specific Toll-like receptors 

on the endothelial cells (92). This triggers a cascade response that results in a release 

of tumour necrosis factor-a, interleukins, nitric oxide and matrix 

metalloproteineases. As well as inducing activation and migration of leucocytes, 

interleukin 1 initiates an interleukin cascade. Interleukin 8 is a potent neutrophil and 

monocyte chemotactic factor whilst IL6 induces permeability of the endothelial cells. 

Such mechanisms result in disruption of the blood brain barrier, facilitating the 

migration of organisms and cells into the CSF (93). Once the organism has gained 

entry to the CSF, replication proceeds relatively unhindered due to the lack of 

opsonic activity of complement and immunoglobulin (94). A further effect of 

endothelial dysfunction is the expression of tissue factor in the endothelial surface. 

This leads to a vasculitis and prothrombotic tendency which results in focal ischemia 

(84). Loss of cerebral autoregulation, intracranial hypertension and obstruction to 

CSF flow contribute to cerebral oedema, which may in turn result in cerebral and 

cerebella herniation (95). A further possible mechanism of neuronal injury is thought 

to be a chemical encephalopathy induced by pro-inflammatory cytokines as 

evidenced by a marked increase in cytokine activity within the cortex despite the fact 

that bacteria do not penetrate the pia (3).

2 0



It is likely therefore that the apoptotic and necrotic neuronal injury in bacterial 

meningitis is a combined result of sub-pial encephalopathy and ischaemic injury 

(96;97), both of which occur as a result of the host inflammatory response. 

Amelioration of this inflammatory response is the target of steroid adjuvant therapy 

in bacterial meningitis.

1.3.2 Rationale and theoretical advantage of steroid adjuvant therapy 

This section aims to define the rationale and evidence for the use of steroid adjuvant 

therapy in bacterial meningitis. I will examine the theoretical reasons for considering 

steroids as a potential adjuvant therapy, identifying possible sites of action in the 

inflammatory cascade, and review data from in vitro and animal models. I will look 

at results from trials in children and adults and consider the potential drawbacks of 

steroid adjuvant therapy.

Neuronal injury in bacterial meningitis is due to a combination of factors. Although 

direct toxicity of bacterial components undoubtedly contributes, (98) the 

predominant cause of meningitis associated brain injury is the host inflammatory 

response (99).

When introduced to the CSF in an experimental model, pneumococcal derived 

capsular polysaccharide fails to elicit inflammation over 12 hours, indicating that the 

capsule plays little or no role in inciting neuronal injury. In contrast, purified 

pneumococcal cell wall or heat killed unencapsulated bacteria elicit an inflammatory

21



response that is qualitatively and quantitatively comparable to that caused by live 

organisms (91). Both teichoic acid and peptidoglycan, the major cell wall 

components of Gram positive bacteria, contribute to the inflammatory activity at 

differing time points in the progression of the disease (90). Pneumolysins and 

bacterial DNA are also potential triggers of immune activation in acute bacterial 

meningitis (100); (101). Outcome from experimental meningitis is determined by 

the severity of the inflammatory response (102;103). An important corollary of this 

in clinical practice is that patients with pneumococcal meningitis treated with 0- 

lactam antibiotics may deteriorate shortly after the start of treatment. This is thought 

to be due to an inappropriate inflammatory burst following lysis of the bacterial cell 

wall and consequent release of high levels of pro-inflammatory cell wall components 

into the CSF (90). Support for this comes from an experiment in which non-lysable 

pneumococci failed to elicit this inflammatory burst in response to antibiotic therapy 

(104)

That the host inflammatory response is responsible for much of the neuronal injury in 

bacterial meningitis is the basis for the deployment of anti-inflammatory agents as 

adjuvant therapy. Corticosteroids have been the most widely used of all the anti

inflammatory agents available.

Pre-treatment of cell cultures with dexamethasone suppresses the expression of 

almost all cytokines that can be induced by exposure to bacterial products (105;106). 

This effect is mediated primarily through the inhibition of NF-kappa B, a regulator of 

genes controlling inflammation (107; 108). In addition to their action on gene
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transcription, steroids may inhibit secretion of pro-inflammatory cytokines at the post 

translational stage (109).

In a rabbit model, it has been demonstrated that hearing loss is associated with the 

severity of inflammatory changes induced by bacterial meningitis (110) and that the 

inflammatory response in CSF may be attenuated by dexamethasone initiated before 

antibiotic administration ( 111 ; 112). A secondary inflammatory response can be 

induced following administration of antibiotics to rabbits with bacterial meningitis 

provided that initial CSF bacterial load is high. This secondary inflammatory burst 

can be attenuated by the administration of dexamethasone before and, to a lesser 

extent, one hour after antibiotic administration (113). Dexamethasone also reduces 

brain water content and intracranial pressure in animals with pneumococcal or H. 

influenzae meningitis (102; 103). Although these observations suggest a potential 

advantage of dexamethasone adjuvant therapy, there is no direct evidence from 

animal models that mortality is reduced.

1,3,3 Trials of steroid adjuvant therapy in children

Evidence for the benefit of steroid adjuvant therapy in humans derives originally 

from trials in children. Although no studies have demonstrated a clear mortality 

advantage, steroids have been shown to reduce either the incidence of hearing loss 

(114) or the incidence of neurological complications (115) in children recovering 

from bacterial meningitis. The majority of cases of bacterial meningitis in both of 

these studies were due to Haemophilus influenzae type b. The results of these studies
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were not confirmed in a subsequent European paediatric trial conducted prior to the 

introduction of Hib vaccination (116), or in a paediatric trial involving 598 children 

in Malawi where haemophilus meningitis was relatively infrequent (28% of cases) 

(50). A similar negative result was also shown in a trial from Pakistan (117). 

However, a meta analysis of 18 studies (including the studies mentioned above) 

involving 2750 cases of which 2074 were children, demonstrated a significant 

reduction in severe hearing loss in the steroid group (RR 0.61; Cl 0.44-0.86). In sub

group analyses, this effect was restricted to children with haemophilus meningitis 

(118). Since the introduction of I lib vaccine in the West, the incidence of 

haemophilus meningitis has fallen considerably, therefore the conclusions from these 

studies has to be considered carefully in the context of current epidemiology.

1.3.4 Trials of steroid adjuvant therapy in adults

Trials of steroid adjuvant therapy in adults have been less numerous and less 

conclusive. Of eleven published trials identified, only four have been sufficiently 

powered to detect a mortality benefit.

The earliest of these was a trial in Egypt which included both children and adults 

(119). Although the results demonstrated benefit from dexamethasone adjuvant 

therapy, the trial was neither placebo-controlled nor adequately randomised and had 

limited impact on practice in the West. It recorded a total of 62 deaths in 429 

patients and demonstrated a relative risk for mortality of 0.50 (Cl 0.3-0.82) overall 

for patients treated with steroids. Analysis restricted to the 147 adults showed a
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relative risk of mortality in the steroid arm of 0.32 (Cl 0.13-0.82). Subgroup 

analyses by organism demonstrated a significant mortality benefit for pneumococcal 

meningitis but not for meningococcal or haemophilus meningitis.

A prospective trial conducted in Europe which was double blind, placebo controlled 

and adequately randomised, recruited 301 patients with suspected bacterial 

meningitis and pre-defined CSF abnormalities (cloudiness, positive Gram stain or a 

white cell count > 1000/microlitre) (6). S. pneumoniae and N  meningitidis were 

identified in 36 and 32 % of cases respectively. Patients were randomised to receive 

either dexamethasone (lOmg QDS for four days) or placebo, the first dose being 

given immediately before or at the time of the first dose of antibiotic therapy, most 

commonly amoxicillin. Patients were followed up to 8 weeks after enrolment. The 

total number of deaths was 32 out of 301 patients recruited. In the intention to treat 

analysis, dexamethasone significantly reduced mortality from 15% to 7% (relative 

risk 0.48, Cl 0.24-0.96) and unfavourable outcome (death or neurological disability) 

from 25% to 15% (RR 0.59, Cl 0.37-0.94). Patients with pneumococcal disease 

achieved greatest benefit from dexamethasone (14% vs. 34% mortality and 26% vs. 

52% unfavourable outcome). Patients with non-pneumococcal meningitis had lower 

rates of mortality (4%) and results of an analysis restricted to these patients did not 

reveal significant benefit from dexamethasone. This trial has influenced the standard 

of care for bacterial meningitis in many parts of the world and, as a direct result of 

the findings, dexamethasone adjuvant therapy has been incorporated into many local 

and national guidelines (118; 120-122)

In a post hoc analysis of the European trial, the benefit of dexamethasone amongst 

patients with pneumococcal meningitis was found to be derived from a reduction in
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mortality due to systemic complications such as septic shock, ARDS or pneumonia. 

There was no significant reduction in mortality due to neurological causes (123).

A further study on a subset of this cohort was designed to investigate the effects of 

dexamethasone adjuvant therapy on long term neurological sequelae, including 

motor impairment, deafness and cognitive difficulties. It found no difference in long 

term outcome between the dexamethasone treated patients and placebo treated 

patients over a median period of eight years (124). It is possible that the study lacked 

sufficient power to detect benefits amongst survivors. Neurological sequelae were 

more common amongst those who had presented with more severe disease and the 

proportion of patients in this category who survived to be tested was over

represented in the dexamethasone group. A further finding was that patients with 

pneumococcal meningitis had a higher rate of persistent cognitive impairment than 

did patients treated with meningococcal meningitis (21% vs. 6%) (124). This may 

merely represent the fact that pneumococcal meningitis is a more severe disease than 

meningococcal meningitis.

Two further studies in adults with bacterial meningitis have recently been completed, 

one in Vietnam and the other, the main subject of this thesis, in Malawi. The latter 

will be presented in detail in subsequent sections. The trial from Vietnam recruited 

435 patients over the age of 14 years who presented with clinically suspected 

bacterial meningitis and CSF findings consistent with a diagnosis of acute bacterial 

meningitis (raised CSF protein concentration and organisms demonstrated by 

microscopy or antigen detection or culture, or neutrophilic pleocytosis and CSF. 

blood glucose ratio of less that 0.5). Patients were randomised to receive
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dexamethasone at a dose of 0.4mg/kg twice daily for four days or placebo, started 15 

minutes prior to ceftriaxone which was continued at standard CNS doses for 10 to 14 

days. The primary outcome was death at one month after randomisation. A total of 

49 out of 435 patients had died by one month. The intention to treat analysis 

demonstrated that dexamethasone treated patients had no statistically significant 

mortality advantage (RR of mortality in the dexamethasone group 0.79; Cl 0.45- 

1.39). However, amongst patients with definite bacterial meningitis, there was a 

statistically significant mortality advantage with dexamethasone (RR 0.43; Cl 0.2- 

0.94). In patients with probable meningitis there was a statistically non-significant 

trend towards a higher mortality in the dexamethasone group. Dexamethasone 

reduced the incidence of hearing loss amongst survivors (49).

1.3.5 Meta analyses

In addition to the studies in adults mentioned above, there have been several smaller 

studies, none of which were sufficiently powered to inform clinical practice. Data 

from previous trials have been captured in several meta-analyses, the most recent of 

which included 20 out of 32 trials identified (118). Most of the excluded trials were 

excluded on the grounds of inappropriate randomisation technique or inadequate 

documentation. A total of 1387 patients were included in the mortality analysis. The 

results showed an overall benefit of steroid adjuvant therapy for mortality (RR 0.83, 

95% Cl 0.71 to 0.99), severe hearing loss (RR 0.65, 95% Cl 0.44 to 0.91) and long 

term neurological outcome (RR 0.67, 95% Cl 0.45 to 1.00).
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By sub-group analyses, mortality advantage alone was restricted to adults whilst 

benefit in terms of hearing loss alone was restricted to children and to high-income 

countries. Restriction of apparent benefit to these sub-groups is influenced by the 

relative weights of the individual trials and to the very different mortality rates 

between high income and low income countries.

Details of previous studies of steroid adjuvant therapy are presented as Table 1 and 2.
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1.3.6 Timing of antibiotics in relation to steroid adjuvant therapy 

Although the precise mechanism by which steroids reduce mortality and morbidity in 

bacterial meningitis is incompletely understood, it seems likely that the effect of 

reducing expression of pro-inflammatory cytokine expression is important (125). 

Since the inflammatory response in general, and cytokine response in particular, 

display a complex cascade reaction, the target of an anti-inflammatory adjuvant 

therapy should be as early as possible in the sequence of events that leads to neuronal 

injury. Antibiotics given prior to steroids may result in exposure of ligands and the 

release of intracellular moieties which act as stimuli of the host inflammatory 

response (82), thereby reducing the chances that steroids can prevent the 

inflammatory burst that follows antibiotic induced bacterial cell lysis. 

Administration of dexamethasone concurrently with antibiotics in a rabbit model of 

Haemophilus meningitis has been demonstrated to atenuate the antibiotic induced 

exacerbation of the inflammatory response (126). However, a rabbit model of 

pneumococcal meningitis showed that an antibiotic-induced inflammatory burst 

(elevation of TNFa and lactate in the CSF) occurred only in the setting of a high 

bacterial load prior to the start of antibiotic therapy, and that this increase could be 

attenuated by dexamethasone given either 30 minutes before or up to 1 hour after the 

start of antibiotic therapy (113).

There are few data from human trials designed to investigate the effect of the timing 

of dexamethasone administration, although a meta-analyses of ten paediatric trials 

indicated that the timing of dexamethasone might be important in pneumococcal 

meningitis (127). Dexamethasone prevented the development of severe hearing loss 

in pneumococcal meningitis only when given with or before the antibiotic. In
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haemophilus meningitis however, dexamethasone prevented hearing loss regardless 

of the timing of the steroid therapy with respect to antibiotic administration. Only 

one of the trials included in this meta-analysis independently demonstrated a 

statistically significant reduction in incidence of hearing loss in children treated with 

steroids, and this trial did not routinely administer steroids prior to antibiotics (114). 

On the other hand, in the largest of the paediatric trials published since this meta

analysis, steroids were always given prior to antibiotics but did not show a morbidity 

benefit (50).

1,3,7 Theoretical or proven disadvantages of steroid adjuvant therapy

a) Delay in antimicrobial therapy

There is good evidence to state that early and effective antibiotic therapy saves lives 

and protects against neurological sequelae (38; 128; 129), and some evidence that 

steroids should be given with or before antimicrobial therapy (113;126). The 

implication from these two statements, at least in areas where adjunctive steroid 

therapy has been adopted as standard, is that steroid adjuvant therapy and then 

antimicrobial therapy should be given empirically at the earliest opportunity to any 

patient suspected of having bacterial meningitis. Although there is no trial evidence 

of an excess of adverse events as a result of adjuvant steroid therapy in bacterial 

meningitis, steroid therapy per se is not without risk; side effects of high dose 

steroids include gastric ulceration, pancreatitis, neuropsychiatric dysfunction, 

thromboembolism and hyperglycaemia. In addition, steroid induced 

immunosuppression may facilitate infective processes if an appropriate antimicrobial 

is not concurrently administered, (see below). As a result, many clinicians face the 

dilemma of whether to prioritise accurate diagnosis (i.e. wait for the CSF result) or
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early antimicrobial therapy. Such conflict may contribute to a delay in initiating 

appropriate therapy, particularly if there is a policy statement that steroids should be 

given prior to antibiotic therapy. In a study in Europe, only a quarter of patients in 

whom lumbar puncture was delayed, most commonly whilst awaiting a CT scan, 

were started on antimicrobial therapy empirically (130). Admitting physicians 

therefore have to make a decision based on a risk analysis of delivering antimicrobial 

therapy at the earliest opportunity, the risk associated with unopposed steroid 

therapy, particularly when the diagnosis is not secure, and the risk of loosing the 

potential benefit of steroid adjuvant therapy if steroids are given after the first dose 

of antibiotics. This risk assessment is not always straight forward and clearly has to 

be case specific. It is reassuring that, in the context of short course steroid adjuvant 

therapy for bacterial meningitis, no trials in adults have shown a significant excess 

of adverse events in the steroid treated patients as compared to the placebo treated 

patients. Furthermore, there are no data to suggest that steroids given after 

antibiotics have a higher risk of harm than of benefit. It remains entirely plausible 

that steroids may still be beneficial in some patients (e.g. those with early 

presentation or less severe disease) even if given after antibiotics, although 

determining which patients are likely to benefit in such circumstances is proving 

difficult to define. The weight of available evidence remains clearly to prioritise 

early antimicrobial therapy, regardless of the use or timing of steroid adjuvant 

therapy.

b) Steroids and CSF penetration of antibiotics

Ceftriaxone resistance or reduced susceptibility amongst pneumococcal isolates is a 

worrying development first reported from Johannesburg in 1977 (131). Since then,
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this finding has been demonstrated in every continent. As a result of this 

development, vancomycin in addition to cephalosporin has been advocated in the 

empiric therapy for possible pneumococcal meningitis in some countries since 1994 

(132). However, there have been concerns that, by reducing the inflammatory 

response in the meninges, dexamethasone adjuvant therapy may reduce the 

penetration of vancomycin, a large molecule, into the CSF (133-135). In an 

experimental model, dexamethasone resulted in a substantial reduction in 

vancomycin penetration into CSF and a delay in CSF sterilization, whereas 

rifampicin levels in the CSF were unaffected by dexamethasone (136). Nonetheless, 

two clinical trials have demonstrated that, in the context of bacterial meningitis, 

adequate concentrations of vancomycin in the CSF are achieved in patients treated 

with dexamethasone adjuvant therapy (137; 138). Vancomycin monotherapy has 

been associated with treatment failures, although the study demonstrating this did not 

look at the effect of dexamethasone on penetration of vancomycin into CSF (139).

Since there remains some degree of uncertainty regarding the clinical relevance of 

this effect, some authorities advise considering the use of rifampicin instead of 

vancomycin, either as part of the initial therapeutic regimen (67), or in response to a 

ceftriaxone MIC estimation of greater than 2mg/L (55).

Adjunctive steroid therapy has also been shown to reduce CSF levels of ceftriaxone 

in children (114) and in an animal model (136) although there have been no reports 

relating this effect to adverse outcome. No such effect was shown in a further study 

involving 11 children treated with adjunctive dexamethasone (140). Data regarding 

CSF ceftriaxone concentrations in adult patients treated with adjuvant
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dexamethasone are limited. A study of 12 adults with bacterial meningitis due to 

either S. pneumoniae or H. influenzae treated with intravenous ceftriaxone did not 

show a significant decrease in CSF ceftriaxone concentration in the 6 steroid treated 

patients as compared to the 6 patients who received ceftriaxone alone (141).

This question is further addressed in a later section of this thesis.

c) Steroids and apoptosis

Neuronal cell death in bacterial meningitis occurs due to both apoptosis and cortical 

necrosis. In an animal model designed to look at the contribution of apoptosis to the 

development of neuronal injury, dexamethasone was found to increase the degree of 

apoptosis in the dentate gyrus in rabbits with experimental pneumococcal meningitis 

(142). This finding was subsequently confirmed in a rat model and correlated to 

outcome; steroids were associated with a significant impairment of learning 

performance of infected infant rats treated with dexamethasone compared to those 

treated with antibiotics alone (143). A similar finding has been reported in a rabbit 

model of Gram negative meningitis (144). These observations have raised concern 

about the use of steroid adjuvant therapy in bacterial meningitis, particularly in 

meningitis caused by organisms for which there is no direct evidence that patients 

derive clinical benefit from steroid adjuvant therapy (144; 145).

d) Steroid and immunosuppression

The benefit of all new treatments has to be weighed carefully against the risk of 

adverse events; steroid adjuvant therapy is no exception. There have been reports of 

death attributed to steroid adjuvant therapy in patients in whom the diagnosis was
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inaccurate (146) and it is suggested that the trend towards harm in patients with 

unproven (‘probable’) bacterial meningitis in the steroid arm of the trial from 

Vietnam (49) may in fact have been due to missed diagnoses of tuberculous 

meningitis. Of course, this phenomenon may impact on the interpretation of results 

from any large trial of adjuvant therapy and, theoretically, steroids have the potential 

to aggravate non-meningitic co-infections such as pulmonary TB, varicella zoster 

and strongyloidiaisis. Despite these concerns, no trial evidence exists to show 

unequivocally that short course dexamethasone is harmful when used as an 

adjunctive therapy in bacterial meningitis. The most recent meta analysis of steroid 

adjuvant trials has shown no excess mortality in the steroid treated patients and no 

excess in predefined adverse effects such as gastro-intestinal bleeding (118).

If steroid adjuvant therapy reduces mortality from bacterial meningitis, it is likely 

that it reduces death in patients with severe disease who would otherwise die. 

Patients with severe disease are the most likely to have residual neurological 

sequelae. Theoretically there is therefore a risk that, whilst they might prevent death, 

steroids may associate with an excess of neurological disability or long term 

cognitive impairment. In a follow up to the European trial of steroids in adult 

bacterial meningitis, no such long term adverse effects were demonstrated (124).
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1.4 Intramuscular Ceftriaxone

Access to health care in developing countries, particularly for patients who live in 

rural areas, is often difficult. In Malawi, over two thirds of the population live in 

rural villages or small farms and less than 1% have immediate access to motorised 

transport (Data from the 1998 Census, National Statistics Office, Malawi.) Partly as 

a result of this, presentation is often delayed and pre-hospital treatment frequently 

self prescribed. The nearest medical facility to rural communities is most commonly 

a health centre (usually without facilities for in-patient admission) staffed by 

personnel trained in basic primary care. In such settings, it is often impossible to 

administer intravenous therapy but it may be feasible to use intramuscular therapy. 

Although it is not possible to ascertain pre-hospital deaths due to bacterial 

meningitis, it seems probable that many patients fail to achieve either a diagnosis or 

appropriate therapy (147). Malaria is often the presumed diagnosis in patients 

presenting with headache, fever and altered level of consciousness (47,48,148). 

Patients in rural communities who present with these symptoms are often give 

intramuscular quinine. Intramuscular ceftriaxone for the treatment of bacterial 

meningitis in adults could offer an appropriate option for early therapy in settings 

where intravenous therapy cannot be administered. In order to address this question 

one needs to determine whether CSF concentrations following intramuscular 

injection are similar to those after intravenous injection, whether co-administration of 

dexamethasone significantly affects CSf concentration of ceftriaxone and whether 

there is any evidence of an interaction between adjuvant steroid therapy and 

intramuscular antibiotic therapy.
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Antibiotic therapy for bacterial meningitis is usually given intravenously in order to 

ensure high concentrations of antibiotic in the blood and CSF. Concern over use of 

the IM route arises because there are few data to show that it achieves adequate CSF 

levels in adults. Once daily intramuscular ceftriaxone was not inferior when trialled 

against six hourly intramuscular penicillin and chloramphenicol in children (44). 

The use of a single dose of intramuscular ceftriaxone was not inferior to long acting 

chloamphenicol during a period of epidemic meningitis in Niger; the majority of the 

510 patients in this trial were children (88%) and the predominant organism was N. 

meningitidis (70%) (149) A farther report suggested that intramuscular ceftriaxone 

and oral steroid therapy was a reasonable option in paediatric cases of H. influenzae 

meningitis where peripheral perfusion is adequate but venous access too difficult to 

maintain for the duration of therapy (45).

As discussed above, steroids may affect CSF penetration of ceftriaxone administered 

intravenously. Is this effect exacerbated when the intramuscular route is used? In 

children with bacterial meningitis treated with ceftriaxone and dexamethasone 

adjuvant therapy, a single intramuscular dose of ceftriaxone part way through their 

treatment achieved CSF levels of > 1:64 times the MBC for all organisms isolated 

from 37 cases. These included 24 N. meningitidis isolates and 5 S. pneumoniae 

isolates (46).

The available evidence suggests that IM therapy is a reasonable alternative to IV 

therapy and that co-administration of dexamethasone is unlikely to adversely affect 

the clinical efficacy, at least in children. Flowever, few data exist for the adult 

population relating to the use of intramuscular antibiotics and adjunctive steroid
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therapy. We therefore addressed this question by using a factorial trial design. The 

results are discussed in detail in a later section of this thesis.
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CHAPTER 2: THE SAM (STEROIDS IN ADULT MENINGITIS) TRIAL

2.1 Background

The commonest organism isolated from cases of bacterial meningitis is 

Streptococcus pneumoniae (150). Despite the availability of new antibiotics, 

improvements in supportive care and a better understating of the pathophysiology of 

the disease, mortality from pneumococcal meningitis in adults changed very little 

over the latter half of the last century (7). There has therefore been a need to 

investigate additional or alternative interventions which might result in improved 

outcome. This is particularly relevant for resource poor settings such as those in sub- 

Saharan Africa which have the highest incidence of bacterial meningitis and 

mortality rate. We set out to investigate two strategies, namely the use of adjunctive 

corticosteroids and the utility of intramuscular ceftriaxone.

Adjunctive corticosteroids have been investigated previously. A discussion of 

previous trials of adjunctive steroid therapy and a rationale for its use is included 

above. Until 2002, when a large trial from Europe was published (6), there had been 

little clear evidence of outcome benelit of adjunctive steroid therapy in adults with 

bacterial meningitis. Although recruitment to our trial began before publication of 

the European trial, its results were encouraging and drew into question the ethics of 

continuing the current trial. However, it was not known whether the results from 

Europe were generalisable to the very different setting of sub-Saharan Africa where 

several notable differences in the population existed. Of particular note, the 

incidence of HIV infection is much higher in this region, access to health care is 

more difficult with the result that presentation tends to be late, and the general health
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status of individuals is likely to be considerably worse than patients presenting in 

Europe. Dexamethasone is cheap, safe and locally accessible in Malawi. If it could 

be proven to be of benefit, it would represent an appropriate and important 

intervention in this setting. We conducted a double-blind, randomised, placebo- 

controlled trial of dexamethasone for adults presenting to a single site with a clinical 

diagnosis on admission of bacterial meningitis.

Access to health care in Malawi is often difficult, particularly for those living in rural 

areas where local health facilities are limited. In addition, easily available motor 

transport is available to a minority of the population and therefore patients tend to 

present late in the course of their disease. In conditions such as meningitis, where 

evidence suggests that early treatment saves lives, such a delay in presentation may 

contribute to the high mortality rates. Even if patients are able to attend a local 

health centre, it may not be possible for appropriate interventions to be administered 

on account of limited expertise or equipment. Patients may therefore need to be 

transferred to a larger centre, which results in further delay in initiating appropriate 

therapy. At most rural health centres in Malawi, it is not possible to administer 

intravenous therapy, although intramuscular therapy may be available and is 

frequently used, for example, in the initial treatment of severe malaria. If it could be 

shown that intramuscular ceftriaxone was not inferior to intravenous therapy in the 

management of bacterial meningitis, intramuscular treatment might provide a means 

of overcoming some of the delay in initiating appropriate antimicrobial therapy, and 

possibly also of enabling local health centres to avoid referral to regional centres. 

We therefore additionally randomised our patients to an open-label trial of 

intramuscular versus intravenous ceftriaxone in a lactorial design.
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2.2 Methods

2.2.1 Participants

The study was conducted between May 2002 and January 2005 in Queen Elizabeth 

Central Hospital, Blantyre, Malawi. This 1100-bed teaching hospital offers free 

medical care to approximately 10 000 adult inpatients per year, roughly 70/o of 

whom are HIV infected (151). Medical patients who had a lumbar puncture as part 

of their admission investigations were referred immediately to a member of the trial 

staff for assessment of eligibility and consent At least one member of staff was on 

site at the hospital 24 hours per day. Additional members of the trial staff were 

available to attend the hospital at all times and within 30 minutes of a call. The 

decision to perform a lumbar puncture was not part of the trial algorithm. Local 

hospital guidelines suggested that the indication for a lumbar puncture to diagnose or 

exclude meningitis were two of the following four features, headache, fever, neck 

stiffness or altered level of consciousness in the absence of an obvious alternative 

diagnosis. At the discretion of the admitting physician, lumbar puncture could be 

performed on patients with alternative symptoms or signs who did not fulfil these 

criteria but for whom a diagnosis of meningitis was considered. There were no 

absolute contraindications for lumbar puncture although caution was advised for 

patients with active bleeding of unknown aetiology and for patients with evidence of 

local infection in the lumbar region. C 1 scan was not available as an emergency 

investigation to inform clinicians of the risk of coning. A history of fits, altered 

conscious level and focal neurological deficit were not considered a contraindication 

to lumbar puncture as the risk associated with misdiagnosis of a meningitic illness
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were perceived to outweigh the risk of neurological complications associated with 

lumbar puncture in this setting.

2.2.2 Inclusion criteria and consent

Inclusion criteria for the trial were a) clinical suspicion of bacterial meningitis as 

determined by the admitting physician and either b) positive cerebrospinal fluid 

(CSF) microscopy (defined as organisms seen on Gram stain or > 100 white cells/pil, 

of which more than 50% were neutrophils) or c) cloudy CSF when immediate 

microscopy was unavailable (i.e. within 30 minutes). In all cases, we aimed to 

initiate appropriate therapy within 30 minutes of the lumbar puncture. Exclusion 

criteria were age less than 16 years, steroids received in the previous 48 hours, 

cryptococcus seen in initial CSF by direct staining procedures or contraindications to 

study drugs. Patients or their legal guardians provided written informed consent or, if 

unable to read or write, independently witnessed verbal consent prior to recruitment. 

Separate and specific informed consent was obtained from the patient for subsequent 

lumbar puncture at 48 hours, unless this was indicated on clinical grounds, and for 

HIV testing at the time of discharge or at follow-up after appropriate pre-test 

counselling according to national guidelines. For patients who died, HIV testing was 

performed on anonymised samples at least three months after death. Testing was by 

two separate ELISA tests (Vironostika and Abbott); discordant results were tested by 

a third test (Unigold, Trinity Biotech)

Prior to March 2004, there was no national provision for anti-retroviral therapy and 

therefore post-test counselling focused on healthy life style advice, safer sex advice 

and encouraging access to medical care for new symptoms. All patients were offered
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open access to a follow-up clinic at the hospital following discharge. This clinic was 

staffed by members of the trial team and provided free consultations and therapy in 

line with local guidelines for non-paying patients. All HIV positive patients admitted 

after March 2004 were referred to the hospital’s ARV clinic, regardless of CD4 

count availability or result, where ARVs were provided free of charge to eligible 

patients from June 2004. Eligibility for ARVs was determined by the WHO clinical 

staging system and following examination to exclude active tuberculosis or other 

contraindications. From March 2004 onwards, an admission blood sample was 

submitted for CD4 count testing through an accredited laboratory which was 

independent of the hospital. CD4 testing was not routinely performed on patients 

admitted prior to March 2004 as local clinical staff were concerned that knowledge 

of CD4 count without access to ARVs might be detrimental to patient welfare and 

therefore unethical. Flowever, if after detailed discussion, it was agreed that their 

circumstances would enable the purchase of ARVs in a sustainable manner and 

without detriment to their dependents, patients were advised that anti-retroviral 

medication was available from an approved private clinic to which they could be 

referred if they so wished.

The study was approved by the research ethics committees of the University of 

Malawi College of Medicine and the Liverpool School of Tropical Medicine and was 

registered with Current Controlled Trials (ISRCTN31371499). The trial design was 

approved by the data and safety monitoring board (DSMB) and by all members of 

the trial steering committee (TSC) prior to the start of recruitment. The Trial 

Monitor made at least annual visits to the trial site. A planned interim analysis was
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performed by the DSMB after 100 deaths. The TSG met at regular intervals 

throughout the trial and agreed the analytical plan prior to unblinding of the data.

2.2.3 Intervention

Patients were randomised to receive either dexamethasone (16mg in 4ml twice daily) 

or identical placebo (buffered sterile water 4ml twice daily) intravenously for four 

days, and either IM or IV ceftriaxone 2gm BD for 10 days. Dexamethasone and 

placebo were administered immediately prior to administration of ceftriaxone 

therapy. The dexamethasone and the placebo preparations were donated by Cipla 

Limited, India. The content and stability of the dexamethasone was quality assured 

independently at the London School of Hygiene and tropical Medicine. The 

ceftriaxone was donated by Emcure Pharmaceuticals, India in eight batches over the 

course of the trial. Samples from two batches were quality assured independently at 

the Liverpool School of Tropical Medicine.

Patients surviving to 48 hours and able to give specific consent were invited to 

undergo a further lumbar puncture at the time of the 4th or 5th dose of ceftriaxone, 

whichever was in the morning. For patients unable to consent, additional lumbar 

punctures were performed only if this was clinically indicated. Clinical indications 

for second or subsequent lumbar puncture were failure to respond to therapy, clinical 

deterioration or diagnostic uncertainty. For the first 289 patients, a second lumbar 

puncture for patients surviving to 48 hours was performed 1-2 hours after ceftriaxone 

administration. For subsequent patients, second lumbar puncture was performed 

immediately before ceftriaxone administration.
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2.2.4 Randomisation, concealment and blinding

Randomisation was by computer-generated blocks of eight in a two-way factorial 

design. Treatment allocation was held in sealed numbered opaque envelopes and 

assigned to consecutively recruited patients. Opening of the envelope was 

considered the point at which each patient entered the trial. It was therefore not 

possible to infer treatment allocation prior to randomisation. Dexamethasone and 

placebo were presented as clear colourless fluid in identical packaging and labelled 

only with the randomisation number Packaging and labelling of the drugs was 

performed by two staff members who were independent of the trial and uninvolved 

in recruitment or care of patients, data collection or analysis of the results. Thus the 

steroid component of the trial was conducted double-blind. The IV vs. IM 

ceftriaxone comparison was an open label trial.

2.2.5 Laboratory investigation

At the time of admission, blood was submitted for full blood count and differential 

white cell count, culture, thick film screen for malaria parasites and random blood 

glucose testing. Tests were repeated only if clinically indicated. In the latter part of 

the trial, admission samples were also submitted for CD4 count testing. Routine 

biochemical analysis was not available in the hospital and therefore biochemistry 

was performed through a commercial laboratory only where there was a clinical 

indication and where the results were likely to influence management.

CSF was examined by microscopy for cell count and differential and by India ink 

stain. Gram stain was performed if the sample was turbid or had more than 10 white 

cells per micro litre. Centrifuged CSF deposits were incubated on sheep-blood agar
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in a candle extinction jar at 37°C for 48 hours and isolates identified by standard 

techniques as described (152)

Quantitative measures of CSF glucose, protein and lactate were not available. Semi- 

quantitative estimates of protein and glucose levels were measured with a urine 

dipstick (Multistix 8SG Bayer) which provided colour-coded results for protein and 

glucose respectively as: negative (Omg/dl: 0 mmol/L); trace (30mg/dl. 5.5mmol/L), 

1+ (31-100mg/dl:5.5- 14mmol/L); 2+ (101-300mg/dl: 28mmol/L); 3+ (301- 

2000mg/dl: 55mmol/L); and 4+ (> 2000mg/dl: lllmmol/L). Cryptococcal antigen 

testing was performed in cases where there was a non-diagnostic CSF and a positive 

HIV rapid test. The latter was conducted only if there was a clinical suspicion of 

cryptococcal disease such that knowledge of HIV serostatus was in the patient s best 

interest and necessary to determine treatment regimen. Indications for a high clinical 

suspicion of cryptococcal disease were a history longer than 5 days, very high CSF 

opening pressure, turbid CSF with a low cell count or > 100 white cells/pl but < 75/o 

neutrophils, and in which India Ink stain was negative.

Blood was cultured at 37°C for a minimum of 48 hours (BacT/alert) and sub-cultured 

onto 5% sheep blood agar and lysed sheep blood agar for further incubation at 37°C. 

Antibiotic sensitivity was assessed by disc diffusion using the modified Stokes 

method in accordance with British Society of Antimicrobial and Chemotherapy 

guidelines. Isolates with a zone of inhibition of >3mm less than the control organism 

were classified as resistant. Control strains were S. aureus (NCTC6571) for S. 

pneumoniae, H. influenzae (NCTC 1193) for N  meningitidis and H. influenzae, and 

E. coli (NCTC 10418) for other Gram negative isolates..(153).

48



In the first 51 consecutive CSF samples for which both Gram stain and culture were 

negative, PCR for meningococcus and pneumococcus was performed in an 

independent, accredited UK laboratory on samples stored at -70 C using standard 

techniques (154).

Stored CSF and serum were submitted for determination of trough or peak 

ceftriaxone concentration in 95 patients with proven or probable bacterial meningitis 

who had second lumbar puncture 48 hours into therapy. In 50 patients, CSF and 

serum were collected immediately before a dose of ceftriaxone was given (trough 

levels) and in 45 patients, 1-2 hours after a dose of ceftriaxone (peak levels). 

Samples for antibiotic level determination were taken from consecutively admitted 

patients who survived to 48 hours and consented to second lumbar puncture or who 

required a second lumbar puncture on clinical grounds, and whose samples were 

processed and frozen within 2 hours of receipt in the laboratory. Levels were 

measured by high performance liquid chromatography in an independent accredited 

hospital in the UK on samples stored at -70°C. Minimum inhibitory concentration 

(MIC) was measured in 49 pneumococcal isolates using E-Tests according to the 

manufacturer’s instructions (AB Biodisc, Sweden). MICs of other organisms isolated 

were not determined.

2.2,6 Inpatient care

Patients were treated in hospital for a minimum of 10 days and were nursed in the 

general medical wards by study nursing staff. Throughout admission, patients were 

reviewed by medical staff at least daily and had nursing observations performed at 

least twice daily. Where necessary, patients could be transferred to a high

49



dependency unit and antibiotic therapy could be modified according to sensitivity 

patterns and clinical progress. Complications of meningitis or of therapy were 

treated as per local guidelines. Patients who remained unconscious for more than 10 

days were fed via nasogastric tube if the guardians consented and the physicians 

believed that there was a plausible chance of recovery.

For those randomised to receive 1M ceftriaxone, a switch to IV therapy was 

permitted after 96 hours if the patient was intolerant of the IM injections.

2.2,7 End points and follow up

The pre-defined primary outcome was mortality at 40 days by intention to treat. 

The intention to treat cohort included all patients randomised. Secondary outcomes 

were time to death, combined death and disability (defined by Glasgow Outcome 

Score) at day 40, hearing impairment at day 40 according to the methods described 

below, death at 10 days and death at 6 months.

Patients were formally reviewed at 10 days, at 40 days and six months. At review, 

each patient had a standardised neurological examination and hearing assessment. 

Patients who failed to attend for follow-up appointments were visited at home by a 

trial clinician.

For survivors, the principal disability outcome measures were the Glasgow Outcome 

Score (GOS) (Table 3), which provides a measure of functional ability and/or 

dependency irrespective of the nature of neurological deficit (155), and hearing 

deficit.
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Table 3 Definitions of the Glasgow Outcome Score measures.

OS Definition

4 No disability. Minor neurological deficits which had no impact on any 

activity of daily living were allowed e.g. isolated cranial nerve palsies, 

unilateral hearing loss

3 Disabled but functionally independent and able to return to work or school

2 Disabled and dependent upon others on a daily basis (including severe 

bilateral hearing loss). Unable to return to previous level of work or school

1 Disabled and completely dependent

0 Death

Disability was represented by scores of 1, 2 or 3.

Hearing was assessed by live voice speech presentation audiometry (156; 157) in all 

patients and, where patients were unable to correctly localise finger rub, by single 

frequency (1000Hz) pure tone audiometry for those followed up in the clinic and 

able to cooperate with the test. We were not able to conduct pure tone audiometry in 

patients followed up in the community as the instrument was dependent upon an 

electrical supply which was not available in most patients’ homes; nor did we 

perform pure tone audiometry in patients who remained on the ward at the time of 

follow-up.

Mild hearing loss was defined as ‘unable to localise finger rub at approximately 5cm 

from the ear, unable to hear whispered voice at 30cm or a hearing threshold above 40 

decibels’. Severe hearing loss was defined as ‘unable to hear spoken voice at 30 cm
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from the ear or a hearing threshold of greater than 60 decibels’. For speech 

presentation, patients were asked to repeat three words presented to each ear from 

behind the patient, with occlusion of the contra lateral ear. Words were in 

appropriate vernacular, consisted of two equally emphasised syllables and avoided 

high frequency sounds ( e g. ‘f , ‘s’, V , ‘ch’, ‘th’). Failure to correctly repeat two 

or more words was taken to represent hearing impairment for that test. Where 

possible, tests were conducted in a setting where there was minimum ambient noise.

2,2.8 Data management and analysis plan

All clinical data, laboratory results and outcome measures were recorded on a data 

collection sheet (Appendix 1) and double entered onto an electronic data base.

An initial sample size of 660 patients (330 in each arm) was calculated based on a 

background mortality of 56% and an ability to show a 20% or greater difference in 

mortality in the steroid intervention arm (a 0.05, (3 0.8, two-tailed). Following the 

European trial which demonstrated a relative risk of death of 0.59 for steroid 

treatment, the TSC recommended a change to detect a 30% or greater difference. The 

revised target sample size was 420 patients, allowing for 10% loss to follow-up and 

the factorial design.

For descriptive data, comparison of proportions between 2 groups was by Chi 

squared test. Where less than 5 data points were available in any one group, Fisher’s 

exact test was used. A p value of < 0.05 was taken to represent a significant 

difference unless multiple comparisons using the same data were made, in which 

case a p value of < 0.001 was arbitrarily taken to represent a significant difference
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between groups. For continuous data, either mean (+- SD) or median (+-IQR) was 

presented to describe the distribution and dispersion of data points for normally 

distributed and asymmetric data respectively. Where data were not normally 

distributed but are represented by a large number of data points, both mean and 

median were provided. Comparison of means was by an independent samples T test 

unless otherwise stated. Comparison of asymmetric data between two or more 

groups was by Mann Witney U test. Association between baseline variables and 

outcome was analysed in a logistic regression model and predetermined variables 

selected prior to the start of recruitment were used for the primary outcome analysis. 

Exploratory analyses using a wider range of variables were also performed. The 

purpose of post hoc analyses was to stimulate new hypotheses which might lead to 

further research.

For both primary and secondary outcomes, odds ratios (OR) and 95% confidence 

intervals (Cl) were calculated both unadjusted and adjusted for predefined prognostic 

factors in a logistic regression model. Factors in the model were gender, age, GCS, 

anaemia (Hb < lOmg/dl), length of history, pneumococcal disease, pre-randomisation 

antibiotic therapy and HIV status. These factors were selected on the basis that, with 

the exception of gender, they have previously been shown to predict outcome in 

either bacterial meningitis or severe sepsis. All factors were retained in the model 

throughout the analyses unless otherwise stated. For the primary outcome, p < 0.05 

was considered significant. The primary analyses for the steroid/placebo arm and the 

IM/IV ceftriaxone arm were recalculated with the inclusion of an interaction term to 

assess the impact of any interaction between the two interventions.
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Subgroup analyses were performed on patients with ‘proven or probable bacterial 

meningitis, proven bacterial meningitis alone and proven pneumococcal meningitis. 

‘Proven’ bacterial meningitis was defined as identification of an organism in the CSF 

by Gram stain, culture or PCR, or positive blood culture from a patient in whom the 

CSF white cell count of > 100/pL with > 50% neutrophils. ‘Probable’ bacterial 

meningitis was defined as CSF cell count of > 100/pL with > 50% neutrophils 

without an organism being identified.

Difference in time to death up to 40 days between the steroid and placebo arms was 

tested using Cox’s proportional hazard ratios.

Data were analysed using SPSS or Stata8.2
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CHAPTER 3 - SAM TRIAL RESULTS

3.1 Results

Of 522 consecutive patients who fulfilled entry criteria, 465 (89%) were randomised; 

233 (50.1%) received steroid and 232 (49.9%) placebo (Fig 1).

Fig 1. Trial flow chart.

6426 LPs
r 643 cryptococcal meningitis 

282 TB meningitis

215 non-diagnostic or viral meningitis 

4764 normal CSF

522 fulfill entry criteria

465 randomised

r

<

34 con sent refusals 

10 consent unobtainable

9 died before randomisation 

4 under age 1 6 yrs

Lost to 
follow up

Followed 
at day 40

h h
113

Deaths by
day 40(%) 63 (55) 66 (57) 58 (50) 62 (55)
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There were 427 (92%) cases of proven or probable bacterial meningitis and 38 (8%) 

cases in which the diagnosis of bacterial meningitis was excluded subsequent to 

randomisation. Four patients with a diagnosis of proven bacterial meningitis had a 

second episode of bacterial meningitis during the study period; all had recurrent 

pneumococcal meningitis. A further 9 patients out of 426 in whom a history was 

available reported a previous episode of meningitis (undefined) at some time in their 

medical history.

A causative bacterial pathogen was identified in 325 patients (76%) out of the 427 

with proven or probable bacterial meningitis, thus defining the group of patients with 

proven bacterial meningitis. In 102 episodes (24%) no organism was identified, thus 

defining the cases classified as probable bacterial meningitis. Distribution of 

organisms is shown in table 4

Ten patients had microbiologically proven dual infection; all had pneumococcal 

meningitis with concurrent non-typhi salmonella septicaemia (7 patients), 

Enterococcus faecalis septicaemia (1 patient) or cryptococcaemia (2 patients).

Ten patients (2%) who fulfilled entry criteria based on CSF white cell count and 

differential were found to have cryptococcal meningitis either after prolonged 

incubation of CSF (4 patients), repeat lumbar puncture (5 patients) or from blood 

culture (1 patient). For the purposes of this analysis, these cases were classified as 

probable bacterial meningitis as per protocol.
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Table 4. Distribution of organisms isolated for all patients recruited.

No. of cases %

S. pneumoniae 275 59

N. meningitidis 20 4

H. influenzae 3 1

Other Gram negative* 22 5

Other Gram positive 5

No organism identified 

(Probable meningitis)

102 22

Not bacterial meningitis 38 8

* Other Gram negative organisms: E. coli 11, non-typhi salmonellae 7, Klebsiella 
spp. 3, Enterobacter gergoviae 1.

3,2 Clinical presentation

3.2.1 Symptoms

The most common symptoms reported were headache (93%) and fever (87%). Both 

headache and fever were reported in 83% of cases. Photophobia was reported in 

only 8% of cases and fits prior to admission were reported in 17% of cases. 

Amongst patients with proven bacterial meningitis, a history of fitting was not 

significantly more frequent in patients with pneumococcal disease as compared to 

non-pneumococcal disease (p = 0.87). None of the classical symptoms associated 

with bacterial meningitis was significantly more common in proven as compared to 

probable bacterial meningitis. Incidence of symptoms amongst patients with proven 

and with probable bacterial meningitis are shown in table 5.
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Table 5. Demographic and historical characteristics of patients with proven 
and probable bacterial meningitis.

Proven ABM Probable ABM p value (Chi 2)

Male (%) 159/325 (49) 59/112 (53) 0.493

Age < 32 yrs 180/325 (55) 46/112(41) 0.009

Pre-admission care 184/310 (59) 84/110 (76) <0.001

History < 48hrs 106/321 (33) 10/110(9) <0.001

History headache 299/317 (94) 102/112(91) 0.231

History fever 286/316 (89) 92/112 (82) 0.081

History neck stiffness 224/316 (71) 73/112 (65) 0.260

History photophobia 27/315 (9) 8/112(7) 0.636

History of fits 51/318 (16) 23/112 (20) 0.278

History chest symptoms 58/319(18) 28/112 (25) 0.120

3.2.2 Length of history and pre-hospital care

The median time to presentation was 72 hours (IQR 48-144); 27% of patients 

presented within 48 hours of the onset of symptoms. The mean time to presentation 

was 107 hours (SEM 4.33) (Fig. 2). Patients with proven bacterial meningitis were 

more likely to present within 48 hours of onset of symptoms than patients with 

probable meningitis (p < 0.001).
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Time to presentation from onset of first symptom in patients with 
probable or proven acute bacterial meningitis (ABM).

Fig 2.

Of those with proven or probable bacterial meningitis, 64% of patients had sought or 

received some form of medical advice or therapy prior to establishing a diagnosis of 

meningitis. Patients with probable bacterial meningitis were more likely to have 

sought medical advice prior to presentation (p < 0.001). Receipt of parenteral 

antibiotic therapy prior to recruitment was recorded in 95 of 428 patients (22%) and 

was not associated with a significant delay in presentation compared to those who 

had not received parenteral therapy (114 hours vs. 105 hours p=0.373). Receipt of 

oral antibiotic therapy prior to randomisation was reported in 70 of 424 patients 

(17%) and was associated with a mean delay in time to presentation of 36 hours (137
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hours vs. 101 hours (95%CI 13.9, 59.7; p=0.002 Independent samples T test)). 

Incidence and duration of pre-randomisation antibiotic exposure is shown in table 6.

Of 426 evaluable patients, 66 (15.5%) had received parenteral quinine. Mean time to 

presentation was 121 hours amongst patients who were reported to have received 

parenteral quinine compared to 104 hours in patients who had not, representing a 

difference of 17 hours (95%CI -7.1, 40; p=0.17).

Oral sulphadoxine-pyrimethamine (Fansidar), the first line therapy for treatment of 

malaria in Malawi, was received by 124 of 426 evaluable patients (29%) prior to 

presentation at some time during the course of the presenting illness. The mean time 

to presentation for patients who had received Fansidar was 136 hours as compared to 

95 hours in patients who had not, representing a mean difference in presentation of 

41 hours (95%CI 22, 59; p < 0.001).

Overall, receipt of any form of malaria treatment was associated with a mean delay 

in presentation of 30 hours (95%CI 13, 47; p=0.001).

Attendance at a traditional healer was reported in 38 (9%) out of 416 evaluable 

patients and was not associated with a delay in presentation (mean difference 3 

hours, p=0.82)
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Table 6. Pre-randomisation exposure to parenteral and oral antibiotics.

*
*No of 

patients

Median no 

of doses

Duration of therap 

to admission (h(

y prior 

Durs)

Parenteral antibiotic1 <24 24-72 >72

Penicillin + 

Chloramphenicol

58 2 50 8 0

Penicillin 32 1 27 5 0

Chloramphenicol 4 3 2 1 1

Gentamicin1 1 1 1 0 0

Oral antibiotic5

Penicillin / Amoxycillin 26 3.5 14 6 6

Cotrimoxazole 19 2.5 9 5 5

Tetracycline / doxycyline 3 1 2 1 0

Chloramphenicol 3 8 0 2 1

Ciprofloxacin 2 9 0 0 2

Unidentified 4 3 2 1 1

Sulphadoxine- 

pyrimethamine* 

monotherapy within 48 

hours

20 1

_

admission. . .
Four patients were on anti-tuberculous chemotherapy at the time of admission.
T In combination with oral antimicrobials in 19 patients 

In combination with other parenteral antibiotics in 12 patients 
§ In combination with additional less appropriate oral antimicrobials in 16 patients 
H First line therapy for malaria in Malawi. Taken in combination with additional oral 

or parenteral antibiotics in a further 29 patients.
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3.2.3 Predisposing factors

a) Local factors

Features from the history which might represent predisposition to contiguous 

bacterial meningitis were otitis media in 18 patients (4%), head injury in 2 patients, 

and periorbital infection in 2 patients. No patients had a history of neurosurgery or 

prosthetic implants at any site.

b) Immunocompromise

HIV serostatus was known at the time of recruitment by only 4 patients although 

90% of patients tested were subsequently found to be HIV seropositive. Five 

patients were reported to be pregnant at the time of recruitment. One patient was 

taking steroids when randomised. This patient was recruited in error as steroid 

therapy taken for any reason within the 48 hours prior to recruitment was an 

exclusion criterion. Two patients were reported to be diabetic at the time of 

enrolment although one had normal blood glucose measurements throughout 

admission. Of 384 patients with proven or probable bacterial meningitis who had a 

random blood glucose measurement at admission, 44 (11%) patients had levels of 

> ll.lmmol/1. None remained persistently hyperglycaemic. Four patients had a 

blood glucose of < 3mmol/l at admission.

c) Respiratory symptoms and signs

Of 431 patients for whom relevant data were recorded, 86 (20%) had a history of 

chest symptoms (cough, dyspnoea or chest pain). Amongst patients with proven 

bacterial meningitis, a history of chest symptoms was not significantly more 

common amongst patients with pneumococcal as compared to non-pneumococcal
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disease (17% vs. 23% p=0.32). Abnormalities detected on chest examination 

(crepitations, bronchial breathing, ronchi or pleural effusion) were present in 49 of 

417 patients (12%) for whom adequate data were recorded. Although not 

statistically significant, there was a trend for abnormal chest signs to be more 

common amongst patients with pneumococcal as compared to non-pneumococcal 

disease (14% vs. 8% p=0.07). Amongst only patients with proven bacterial 

meningitis, this trend was lost (14% vs. 10% p=0.47).

3.3 Examination and laboratory characteristics

A comparison of examination and laboratory characteristics in patients with proven 

as compared to probable bacterial meningitis is shown in table 7.

3.3.1 Physical examination

Seventy two percent of patients had a recorded admission temperature of > 38 C. A 

fever was more likely to be present in patients with proven bacterial meningitis than 

in patients with probable bacterial meningitis (p < 0.001). For patients with proven 

and probable bacterial meningitis, 81% had a GCS of less than 15, representing 

altered mental status on admission, and 81% had neck stiffness. Reduced GCS but 

not neck stiffness was more likely in patients with proven as compared to probable 

bacterial meningitis. The triad of fever, neck stiffness and change in mental status 

which describes the severe meningitis phenotype (150), was present in only 51% of 

patients. It was more likely to be present amongst patients with proven bacterial 

meningitis as compared to patients with probable bacterial meningitis (59 ̂  vs. 29/o, 

p < 0.001) and in patients with pneumococcal disease as
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Table 7. Examination and laboratory characteristics of patients with proven 
and probable bacterial meningitis.

Proven ABM Probable ABM p value (Chi )

Pulse > 120/min 70/319 (22) 5/111 (4) < 0.001

Systolic BP < lOOmmHg 18/317(6) 5/111 (4) 0.637

Temperature > 38C 256/325 (79) 60/112(51) <0.001

Neck stiffness 258/318 (81) 89/111 (80) 0.826

GCS< 15 285/325 (88) 71/112(63) <0.001

Triad of fever, neck stiffness and 187/319(59) 32/111 (29) <0.001

reduced GCS (ABM phenotype*)

Triad of headache, fever and 234/316 (74) 57/112(51) <0.001

reduced GCS (malaria phenotype*)

Focal neurology 73/298 (24) 17/105 (16) 0.079

Chest signs 41/306(13) 8/111 (7) 0.083

Haemoglobin < 10mg/dl 122/304 (40) 47/107 (44) 0.493

HIV positive 276/313 (88) 100/109 (93) 0.192

Periph WCC < 4 x 109 / L 29/304 (9) 25/106 (24) <0.001

Perif WCC >11 x 109/L 154/304 (51) 18/106(11) <0.001

Platelets < 100 x 109 / L 72/286 (25) 16/102(16) 0.049

Platelets > 400 x 109 / L 15/286 (5.2) 11/102(11) 0.055

CSF protein > lg/1 309/318 (97) 98/108 (91) 0.005

CSF glucose < 2.8mg/dl 295/317 (93) 71/107 (66) <0.001

CSF WCC > 1000/pi 142/325 (44) 35/112(31) 0.021

* Triad of symptoms used to define classic symptoms in meningitis and malaria 
respectively
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compared those with non-pneumococcal disease (63% vs. 31%; p < 0.001). At least 

one of these signs (fever, neck stiffness and change in mental status) was present in 

97% of cases. The triad of headache, fever and altered mental status (severe malaria 

phenotype) was present in 68% and was more common in proven as compared to 

probable bacterial meningitis (74% vs. 51%; p < 0.001) and in pneumococcal disease 

than in non-pneumococcal disease (78% vs.51%; p < 0.001).

Excluding examination of the eighth cranial nerve, 73 patients (21%) of 343 who 

were adequately assessed had a cranial nerve palsy identified on admission. Of 318 

patients in whom a confident neurological diagnosis could be made, 19 (6/o) had 

paresis of at least one limb. Ten patients (3%) had up-going plantar reflexes. 

Overall, in 403 patients who had a systematic examination, focal neurological deficit 

was identified in 90 patients (22%) at the time of admission. (Eighth cranial nerve 

palsies and abnormal deep tendon reflexes were not included in this analysis.)

Restricting the analysis to patients with proven bacterial meningitis, patients with 

pneumococcal meningitis were more likely to have a fever, cranial nerve palsies and 

coma (all p < 0.001) as compared to patients with non-pneumococcal disease.

3,3,2 HIV serostatus

HIV serostatus was available in 434 (93% of all patients recruited) of whom 389 

(90%) were positive. Four patients were known to be HIV positive at the time of 

admission; none were on anti-retroviral therapy or prophylaxis against opportunistic 

infections. The median admission CD4 count in 101 consecutive HIV positive 

patients recruited after 14th March 2004 was 102/mm3 (IQR 51-169).
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HIV test results were positive in 276/313 (88%) patients with proven bacterial 

meningitis and in 100/109 (93%) patients with probable bacterial meningitis 

(p=0.19). In those with proven bacterial meningitis, HIV positivity was not 

significantly different in pneumococcal as compared to non-pneumococcal 

meningitis (88 vs. 87 % respectively p=0.828).

3.3.3 Blood cultures

In patients with proven bacterial meningitis, blood cultures were positive in 133/311 

(43%) cases. The proportion with positive blood cultures was not significantly 

different in pneumococcal meningitis as compared to non-pneumococcal meningitis 

(42% vs. 47% respectively, p=0.543). Positive blood culture formed part of the 

definition for proven bacterial meningitis; we therefore could not compare rates of 

blood culture positivity between patients with proven vs. probable meningitis.

3.3.4 CSF examination

Organisms were seen on Gram’s stain in 263 out of 434 (61%) CSF specimens from 

patients with proven or probable bacterial meningitis. A total of 39 patients had a 

positive CSF culture without a positive Gram stain, and 6 patients had a positive 

blood culture with a CSF neutrophil pleocytosis but negative CSF Gram stain and 

culture. Fifty one consecutive Gram stain and culture-negative CSF samples were 

tested by PCR; 17 were positive for either pneumococcus (12) or meningococcus (5).

Of the 172 patients who were reported to have received either oral or parenteral 

antimicrobial therapy (including Fansidar but excluding quinine) within the 48 hours 

prior to randomisation, organisms were seen on Gram stain in 44% of cases as
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compared to 68% of antibiotic naive patients (p < 0.001). Pre-diagnosis parenteral 

antibiotic therapy reduced the rates of CSF culture positivity from 73% to 44% (p < 

0.001). Pre-diagnosis oral antibiotic therapy was associated with a reduction in CSF 

culture positivity rate from 73% to 49% (p < 0.001). Prior exposure to sulphadoxine- 

pyrimethamine had no effect on Gram stain positivity rates (82 vs. 83%) or on 

culture positivity rates (68% vs. 65%).

Mean CSF white cell count was 2168/pl (SD 5109). For 325 patients with proven 

bacterial meningitis it was 2477/pl (SD 5130) and was lower in pneumococcal 

disease (2213/pl SD 5586) as compared to non-pneumococcal disease (3928/pl SD 

6333) (p=0.051). Quantitative assessment of CSF glucose was not available but use 

of reagent strips (57) suggested that a CSF glucose of less than 2.8mmol/l was 

present in 86% of patients and CSF protein of > lg/1 in 96% of patients. In proven 

bacterial meningitis, both low glucose and high protein were more likely with 

pneumococcal disease than non-pneumococcal disease (p=0.032 and 0.037 

respectively).

Mean peripheral white cell count at admission was 11.2xl09/l and was significantly 

higher in pneumococcal disease than in non-pneumococcal disease for all included 

patients (12.9 vs. 8.3, p < 0.001) and for patients with proven bacterial meningitis 

(12.9 vs. 9.8 p=0.008)

3.3.5 Antibiotic sensitivities

Results of antibiotic sensitivities determined by disc diffusion were not available for 

all isolates; there were occasional supply problems with discs and contaminated
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plates were not always sub-cultured to purity. Of those tested against ceftriaxone 

discs, only one isolate was classified as resistant. The patient had pneumococcal 

meningitis, had received no pre-treatment antimicrobial exposure and died on day 1 

of therapy. Of the pneumococcal isolates tested, 8% were resistant to penicillin and 

46% were resistant to chloramphenicol. No pneumococcal isolates were resistant to 

both penicillin and chloramphenicol. Six Gram negative isolates, including one H. 

influenzae, were resistant to both antibiotics (Table 8)

Table 8. Antibiotic sensitivities by disc diffusion*.

Antibiotic 
(disc content1)

Pneumococcus1
n=275

Meningococcus
n=20

Gram
(indue
n=25

Megat 
les 3 I

ive
i  inf)

sens res %
res

sens res %
res

sens res %
res

Penicillin (lu) 211 18 8 13 0 0 2 8 80

Chloramphenicol (lOpg) 122 103 46 13 0 0 2 8 80

Co-trimoxazole 
(trim/sulph 1.25/23.75 pg)

11 203 95 13 0 0 8 0 0

Tetracycline (10 pg) 74 139 65 2 11 85 4 15 79

Ceftriaxone (30 pg) 202 1 0.5 9 0 0 18 0 0

* Sensitivity data not available for all isolates
t Resistance defined by zone of inhibition of >3mm less than the control organism
without distinction between high and low level resistance. 
1 BD Biosciences, Johannesburg

3.3.6 Pneumococcal serotypes

Serotype 1 was the most common pneumococcal isolate and accounted for 44% of 

the 126 isolates submitted to typing. Serotype distribution of the pneumococcal 

isolates is shown in table 9. Serotypes marked with an asterisk in this table are 

included in the 7 valent conjugate vaccine; these account for only 20% of the isolates 

in this study. There were no organisms of serotype 18 identified.
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Table 9. Serotype distribution of recoverable pneumococcal isolates.

Frequency Percent

No. of penicillin 

resistant isolates

Non-typable 23 18.1 3

1 56 44.1 0

2 1 .8 0

3 3 2.4 0

4* 2 1.6 0

5 1 .8 0

6* 6 4.7 1

7 4 3.1 1

9* 6 4.7 0

10 3 2.4 1

12 5 3.9 0

14* 6 4.7 2

15 3 2.4 0

19* 4 3.1 3

23* 2 1.6 0

33 2 1.6 0

* represents serotypes included in the 7 valent conjugate vaccine



3.4 Intervention trial

3.4.1 Baseline characteristics

Admission characteristics and laboratory results were similar in the steroid and 

placebo arms and in the intravenous and intramuscular arms (Table 10). Of 325 

(70%) patients who had microbiologically proven bacterial meningitis, 158 (49%) 

were randomised to the steroid arm. Of 102 patients who had probable bacterial 

meningitis, 52 (51%) were randomised to receive steroid. Another 38 patients (8% 

of recruited patients) were randomised but subsequently found to have diagnoses 

other than bacterial meningitis; 20 had cryptococcal meningitis, 7 had tuberculous 

meningitis and 11 had a traumatic lumbar puncture resulting in CSF turbidity. Four 

patients were randomised in error; two were under 16 years of age, one had a total 

CSF white cell count of 92/pil and one patient had received oral prednisolone within 

48 hours prior to recruitment. All were included in the intention to treat analysis.

3.4.2 Principal outcomes - steroid trial

All randomized patients received at least one dose of the assigned treatment. Three 

patients had steroids added to therapy after the completion of the initial 4 days of 

therapy, 2 for cerebral oedema (1 steroid) and 1 for presumed drug rash (steroid). 

They were analysed according to initial randomisation.

Outcome at 40 days from recruitment was available in 459 patients (98.7%). Overall 

mortality was 249/459 (54.2%). In those with proven bacterial meningitis, mortality 

was 160/322 (50%) and in those with pneumococcal meningitis, 140/272 (52%). Six 

patients were lost to follow up, 2 of whom were randomised to receive steroids and 4 

to receive placebo. They included 2 patients who did not have bacterial meningitis
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Table 10. Baseline characteristics of all patients recruited.

Steroid Placebo IM IV

n=233 n=232 n=230 n=235

Age - yrs mean (+/- SD) 32.3 (10.1) 32.6(11.4) 32.4(10.9) 32.6

(10.6)

Male sex - number (%) 122 (52.4) 108 (46.6) 115 (50) 115(49)

Glasgow Coma Score (GCS) - 10.7(3.5) 10.8 (3.3) 11(3.4) 10.4

mean (+/- SD) (3.4)

Hb g/dl mean (+/- SD) 10.4(2.8) 10.7(3.1) 10.5 (3.0) 10.7

(2.8)

Median time to presentation 72 (48- 72(48-144) 72(48-144) 72(48-

(IQR) 120) 120)

Previous antimicrobials^ -

number (%)

Oral 35 (15) 42(18) 34(15) 43 (18)

Parenteral 48 (21) 47 (20) 49 (21) 46 (20)

Not known 4(2) 8(3) 6(3) 6(3)

Microbiological diagnosis -

number (%)

Proven bacterial 158 (68) 167 (72) 155 (67) 170 (72)

S. pneumoniae 130(56) 145 (63) 131 (57) 144 (61)

N. meningitidis 10(4) 10(4) 13(6) 7(3)

Other Gram 15(6) 10(4) 9(4) 16(7)

negative1

Other§ 3(1) 2(1) 2(1) 3(1)
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Table 10 Baseline characteristics of all patients recruited (contd)

Steroid Placebo IM IV

n=233 n=232 n=230 n=235

Probable bacterial -  number (%) 52 (22) 50 (22) 56 (24) 46 (20)

(no organism identified)

Not bacterial meningitis 23 (10) 15(6) 19(8) 19(8)

Cryptococcal11 12(5) 8(3) 8(3) 12(5)

M. tuberculosis 6(3) 1 (0.4) 5(2) 2(1)

Not meningitis 5(2) 6(3) 6(3) 5(2)

Positive blood culture11 (%) 82 (35) 68 (29) 69 (30) 81 (34)

Blood culture unavailable 6(3) 5(3) 3(1) 8(3)

HIV Positive (% of those tested) 194 (90) 195(89) 191 (89) 198 (90)

HIV Not known 17(7) 14(6) 15(7) 16(6.8)

Randomised to IM (%) 117(51) 113 (49)

Randomised to steroid (%) 117(51) 116(49)

+ For details of pre-treatment antibiotics, see table 6 
* other Gram negative organisms: E. coli 11, non-typhi Salmonellae 7,
H. influenzae 3, Klebsiella spp. 3, Enterobacter gergoviae 1.
§ Other bacteria: S. aureus 2, alpha haemolytic streptococci 3 
11 Of 20 cases, 10 were categorised as probable bacterial meningitis on the basis of 
CSF cell count and differential but were found to be cryptococcal either after 
prolonged incubation or after repeat lumbar puncture 
^ Of 150 positive blood cultures, 7 were cryptococcal

and one who was withdrawn from trial therapy when it became known that he was 14 

years of age.
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Mortality at 40 days from enrolment in the steroid group was 129/231 (55.8%) and in 

the placebo group, 120/228 (52.6%) (OR 1.14; 95%CI 0.79-1.64; p 0.49). Comparing 

steroid against placebo, the adjusted OR for death at 40 days was 1.13 (95%CI 0.73- 

1.76).

For the steroid trial, results of the intention to treat analysis and the predefined 

analyses for those with ‘proven and probable’ bacterial meningitis, proven bacterial 

meningitis and pneumococcal meningitis are shown in Table 11. There were no 

differences in the rates of death, death and disability combined, clinically detectable 

hearing loss at 40 days, or in mortality at 10 days or at 6 months. Further exploratory 

analyses showed no evidence that steroids were effective in any subgroup (Table 12) 

Time to death was similar in both groups (Hazard Ratio 1.07 95%CI 0.84-1.38) (Fig 

3) and the proportion of patients who died before day 40 but who survived to receive 

at least 24 hours of antibiotic therapy was not significanty different between the two 

two groups (mortality at 40 days 43% steroid vs. 39% placebo. OR 1.166 (95%CI 

0.76, 1.78 p=0.48)

When an interaction term was included, the odds ratio for mortality at day 40 for the 

steroid/placebo comparison became 1.09 (Cl 0.64-1.83) and for the IV/IM 

comparison becomes 0.84 (Cl 0.50-1.14). There was no evidence of an interaction 

between the two interventions.

3,4.3 Temperature during therapy

Temperature was lower during treatment in the steroid group as compared to the 

placebo group (mean difference 0.49°C at day 4; p < 0.001) (Fig 4).
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Table 12. Sub-group analysis for mortality at 40 days by baseline
characteristics.

Steroids Placebo Odds ratio (95% P

(%) (%) Cl)

Overall mortality ITT 129/231 120/228 1.14 (0.79-1.64) 0.49

(56) (53)

Pneumococcal disease 68/129 72/143 1.10 (0.68-1.77) 0.70

(53) (50)

Non-pneumococcal disease 61/102 48/85 1.15 (0.64-2.06) 0.65

(60) (57)

Other bacterial meningitis 14/28 8/22 1.75 (0.56-5.48) 0.34

(50) (36)

Culture negative meningitis 36/52 33/49 1.09 (0.47-2.52) 0.84

(69) (67)

Non bacterial disease 11/22 7/14 1.00 (0.26-3.82) 1.0

(50) (50)

Cryptococcal 6/12 5/8 0.60 (0.10-3.72) 0.58

meningitis (50) (63)

TB meningitis 2/6 0/1

(33)

Not meningitis 3/4 2/5 0.52

(75) (40)

Prior antibiotics* 47/82 48/87 1.09 (0.59-2.01) 0.78

(57) (55)

No prior antibiotics 79/145 65/133 1.25 (0.78-2.01) 0.35

(55) (49)
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Table 12 Sub-group analysis for mortality at 40 days by baseline
characteristics (contd.)

Steroids Placebo Odds ratio (95% P

(%) (%) Cl)

HIV positive 115/194 105/194 1.23 (0.82-1.84) 0.31

(59) (54)

HIV negative 8/22 10/23 0.74 (0.24-2.46) 0.63

(36) (44)

HIV status unknown 6/15 5/11 0.80 (0.17-3.86) 0.78

(40) (46)

Time to presentation < 48 hr1̂ 26/59 27/58 0.91 (0.44-1.87) 0.79

(44) (47)

Time to presentation > 48 hr 102/170 92/167 1.22 (0.79-1.89) 0.36

(60) (55)

Haemoglobin > 10g/dl+ 63/121 58/132 1.39 (0.84-2.27) 0.20

(52) (44)

Haemoglobin < lOg/dl 56/94 56/85 0.76 (0.41-1.40) 0.38

(60) (66)

GCS < 12§ 86/126 80/128 1.29 (0.77-2.17) 0.34

(68) (63)

GCS > 12 43/105 40/100 1.04 (0.60-1.82) 0.89

(41) (40)

Age < 321 52/113 56/120 0.97 (0.58-1.63) 0.92

(46) (47)

Age > 32 77/118 64/108 1.29 (0.75-2.21) 0.35

(65) (60)
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Table 12 Sub-group analysis for mortality at 40 days by baseline
characteristics (contd.)

Steroids Placebo Odds ratio (95% P

(%) (%) Cl)

Male 70/121 56/107 1.25 (0.74-2.11) 0.40

(58) (52)

Female 59/110 64/121 1.03 (0.61-1.73) 0.91

(54) (53)

*Parenteral or oral therapy received within 48 hours of recruitment, known or likely to 
be an antimicrobial based on description given by patient or guardian 
 ̂> 48 hours taken to represent late presentation

I Median admission Hb = 10.4g/dl 
§ Median GCS on admission = 11
II Mean age = 32.5 years

Fig. 3. Survival chart for 459 patients followed to 40 days.

Kaplan-Meier survival estimates

78



Fig 4. Mean temperature against time during period of therapy.
(Arrow represents period of steroid / placebo administration).

Mean Temperature with Time

3.4.4 Hearing loss and disability

Sixty six (34%) of 195 patients who had formal hearing assessment at day 40 after 

enrolment has detectable hearing loss. Hearing loss was mild in 42 (64%) of these 

patients and was equally distributed between unilateral or bilateral. The remaining 

24 patients had severe hearing loss, of whom 14 patients had bilateral hearing loss. 

Nine patients had profound deafness such that they were unable to communicate by 

speech. Hearing loss of any pattern was not significantly different in the steroid 

treated patients as compared to the control group. Within the patients with proven or 

probable bacterial meningitis, hearing loss was detected in 50/124 (40%) patients 

with pneumococcal disease and in 15/65 (23%) patients with non-pneumococcal 

disease OR 2.25 (95%CI 1.14 - 4.44. p=0.02). It was not possible formally to
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assess hearing acuity at the time of admission as most patients had impairment of 

consciouness at presentation. Thirteen patients (3%) were reported by their 

guardians to have some degree of hearing impairment at the time of recruitment, only 

one of whom was profoundly deaf and unable to communicate by speech.

A total of 47 (23%) patients out of 202 who were assessed at 40 days had a disability 

defined by the Glasgow Outcome Score. The most common pattern of disability was 

paresis of at least one limb (17/47) followed by intellectual impairment (13/47). 

Minor neurological deficits, such as isolated cranial nerve palsies, and all patterns of 

deafness other than profound bilateral hearing loss were not included in our 

definition of disability. The proportion of survivors suffering a disability of any 

cause and of all causes together was not significantly different in the steroid treated 

patients as compared to the placebo treated patients. Disability was not more 

common amongst patients with pneumococcal disease as compared to patients with 

non-pneumococcal disease (30/130 vs 15/65 patients respectively; p=1.0). Patterns 

of hearing loss and of disability amongst survivors are presented in tables 13a and 

13b.

Table 13a. Pattern of hearing loss amongst survivors who were assessed at 40 days.

Hearing Loss Steroid n=96 Placebo n=99 P value

Mild unilateral 11 10 0.76

Mild bilateral 7 14 0.12

Severe unilateral* 5 5 0.96

Severe bilateral 7 7 0.95

Any hearing loss 30 36 0.45

includes three patients in each arm who also had mild hearing loss in the contra 
lateral ear.
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Table 13b. Pattern of disability amongst survivors who were assessed at 40 days.

Disability Steroid Placebo p value

n=98 n=104 (Fisher’s exact test)

Paresis 6 11 0.32

Intellectual impairment 4 9 0.25

Blindness 2 5 0.45

Profound deafness 5 4 0.46

Debility 4 0.53

Recurrent seizures 0 2 0.50

Any disability* 21 26 0.62

*2 patients in the steroid group and 9 in the placebo group had more than 1 disability

3,4.5 Outcome -  IV vs IM ceftriaxone

Mortality at 40 days was 121/230 (52.6%) in the intravenous group and 128/229 

(55.9%) in the intramuscular group (OR 0.88; 95%CI 0.61-1.26) (Table 14). Pain 

during intramuscular injection was sufficiently distressing to the patients in 7 cases 

to allow a switch to intravenous treatment. In all 7 cases, this switch occurred after 

the first 4 days of therapy during which steroid or placebo were administered.
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Table 14. Mortality at 40 days for IV vs IM ceftriaxone.

IV IM OR (95%CI) Adjusted (95%CI)

(%) (%) O *

Intention to 121/230 128/229 0.88 (0.61-1.27) (0.84) (0.54-

treat (53) (56) 1.30)

Proven and 115/221 119/212 0.85 (0.58-1.24) (0.79) (0.51-

probable (52) (56) 1.23)

bacterial

meningitis

Proven 87/168 75/154 1.06 (0.66-1.70) (0.92) (0.49-

bacterial (52) (49) 1.54)

meningitis

Pneumococcal 74/142 66/130 1.06 (0.66-1.70) (0.87) (0.49-

meningitis (52) (51) 1.54)
_i_ 1 " r 1 — —  ...

Adjusted for age , sex, HIV status, length of history', previous antibiotic exposure, 
GCS^, haemoglobin^, steroid/placebo and pneumococcal/non-pneumococcal disease 

continuous variables)
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3.4.6 CSF and serum ceftriaxone levels

Trough ceftriaxone levels in CSF and serum were available in 48 and 49 patients 

respectively. Peak CSF and serum levels were available in 41 and 40 patients 

respectively. No values were returned for 12 assays out of 190 submitted; in 8 of 

these there was insufficient sample to process the specimen, in 2 the sample could 

not be accurately identified and in 2 no result was generated.

Eight patients had a trough CSF ceftriaxone level below the limit of detection (2.5 

pg/ml) and were arbitrarily assigned a value of 1 pg/ml. In all 8 cases, the CSF 

obtained at 48 hours into therapy was sterile on culture. One of these 8 patients died 

on day 10 of treatment; the remainder survived to discharge.

Median peak and trough ceftriaxone levels in CSF and serum for all patients 

regardless of route of ceftriaxone administration and steroid administration are 

shown in table 15.

Table 15. Median peak and trough ceftriaxone (CTX) levels (pg/ml) in CSF and 
serum for all patients in whom levels were measured.

CSF (IQR) Serum (IQR)

Peak CTX 16.7 (1.35-26.15) 114.7(86.18-145.65)

Trough CTX 8.23 (3.8-15.7) 34.07 (24.56-56.21)

There was a significant correlation between trough levels of ceftriaxone in CSF and 

serum (Fig. 5; Pearson correlation coefficient 0.665, p < 0.001), but not between 

peak levels (Fig. 6; Pearson correlation coefficient 0.235; p=0.144). For two patients
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in whom peak levels were measured, implausible results were returned. In one, a 

serum value below the limit of detection was associated with a CSF level of > 150 

pg/ml and in the other a serum value of > 500 pg/ml was associated with a CSF 

level below the limit of detection was returned. These data points were excluded 

from the analysis by trimming 5% extreme values.

Fig. 5. Trough Ceftriaxone levels in serum and CSF (pg/ml).
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Fig. 6.

Peak Ceftriaxone levels in serum and CSF (pg/ml) (5% outliers censored)

a) Ceftriaxone concentrations and route of administration 

Neither peak nor trough CSF concentrations of ceftriaxone were significantly 

different in patients who received intramuscular as compared to intravenous 

ceftriaxone (table 16). Trough serum ceftriaxone levels were lower in patients 

treated with intravenous ceftriaxone.
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Table 16. Comparison of median peak and trough ceftriaxone levels in CSF and 
serum in patients treated with IM or IV ceftriaxone.

CSF ceftriaxone pg/ml (IQR ) Serum ceftriaxone pg/ml (IQR )

Peak Trough Peak Trough

IM 16.60 11.41 114.9 50.14

(11.9-23.4) (7.12-16.52) (99.8 -  146.9) (26.18-70.26)

IV 17.8 5.11 106.4 30.98

(6.35-38.52) (2.71 -  11.54) (73 -  143.7) (19.40-37.76)

p 0.721 p 0.052 p 0.232 p 0.017*

*2 tailed Mann Whitney U test

b) Ceftriaxone concentrations and steroid administration 

Neither peak nor trough serum concentrations of ceftriaxone were significantly 

different in patients who received steroid as compared to placebo. Median peak CSF 

ceftriaxone concentration was higher in placebo treated patients than in steroid 

treated patients (table 17).

Table 17. Comparison of median peak and trough ceftriaxone levels in CSF and

CSF ceftriaxone in pg/ml (IQR ) Serum ceftriaxone (IQR )

Peak Trough Peak Trough

Steroid 15.60 8.83 114.7 41.67

(6.32-20.62) (3.56- 17.39) (105 -  197.4) (27.26-58.86)

Placebo 19.2 8.41 109.5 31.39

(12.9-34.6) (3.85 -  14.31) (78.1 -  143.5) (19.58-55.28)

p 0.047* p 0.909 p 0.102 p 0.298

*2 tailed Mann Whitney U test
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c) Combined route and steroid/placebo grouping analysis

There were no significant differences in the peak or trough CSF ceftriaxone levels 

between patients receiving any combination of IV or IM ceftriaxone and steroid or 

placebo. The median concentration of ceftriaxone in CSF for each group derived 

from these interventions is shown in table 18a. Comparison of both trough and peak 

levels for each group showed no significant difference for any combination (Table 

18b).

Table 18a. Median trough and peak level of CSF ceftriaxone in patients treated 
with either steroid or placebo and with either intramuscular or 
intravenous ceftriaxone, (median ceftriaxone concentration (pg/ml), 
IQR and number of patients in each group).

Peak Trough

Median n Median n

(IQR) (IQR)

IM and placebo 17.4 9 9.89 14

(14.0-27.40) (6.13-15.60)

IV and placebo 25.45 10 5.75 11

(12.62-67.32) (3.28-9.79)

IM and steroid 15.60 14 13.34 12

(10.50-23.97) (7.58-19.79)

IV and steroid 11.80 8 4.65 11

(5.12-18.67) (1.0-14.05)
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Table 18b. Significance levels for comparison of CSF Ceftriaxone concentration 
by combination of route and steroid/placebo (Mann-Whitney U tests 
2 tailed).

Trough

Peak

IM and 

Placebo

IV and 

placebo

IM and 

steroid

IV and 

steroid

IM and 

placebo

0.189 0.503 0.179

IV and 

placebo

0.414 0.175 0.714

IM and steroid 0.413 0.114 0.155

IV and steroid 0.149 0.062 0.562

d) CSF ceftriaxone levels in relation to MIC

The MICs of the pneumococcal isolates ranged from 0.002 to 0.25 pg/ml (median 

0.012; IQR 0.006 - 0.064). Peak CSF ceftriaxone concentrations were greater than 

10 times the highest MIC measured in every sample. Trough CSF levels of 

ceftriaxone were greater than 10 times the highest MIC measured for all except the 8 

in whom the ceftriaxone level was below the limit of detection for the assay (2.5 

pg/ml). In all cases, CSF was sterile at 48 hours and all except one of these patients 

responded to therapy and was alive at day 10.
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3.4.7 Adverse events

There were no differences in rates of adverse events potentially related to steroid 

therapy and no adverse events resulted in withdrawal of patients from the trial. 

(Table 19). Random blood glucose was assessed at admission and on clinical

Table 19. Adverse event possibly related to steroid therapy.

Event Steroid Placebo P value

(n=233) (n=232)

Hyperglycaemia* 29/202 23/205 0.34

Proven GI bleed 0 1

Abdominal pain 3 6 0.31 (Fisher’s exact)

Transient pruritis 1 0

Pulmonary TB 6/100 6/108 0.89

during follow-up

Varicella zoster 9 7 0.62

Herpes labialis 61 58 0.77

* Random blood glucose > 1 l.lmmol/1 (200mg/dl)

indication thereafter during hospitalization. Blood glucose was measured at least 

once in 407 patients and was found to above 1 l.lmmol/1 at some time during 

admission in 52 patients. All were treated according to local guidelines using a 

sliding scale of insulin therapy. In all except five of these cases, hyperglycaemia was 

demonstrated within 12 hours of admission. Of the five patients in whom 

hyperglycaemia was first recorded at least 12 hours into trial therapy, 3 were 

randomised to steroid therapy. Six patients had an admission random blood glucose
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of < 3mmol/l; all were treated with intravenous dextrose. Two patients were 

reported to be diabetic at the time of admission; neither was on insulin therapy and 

one had normal blood sugar throughout admission.

Gastrointestinal bleeding was noted in only one patient who suffered a single episode 

of haematemesis. The patient made a full recovery. Of the nine patients with 

abdominal pain, 1 died during the treatment period (day 6), 1 died on day 11 post 

randomisation. The remainder survived to discharge.

Herpes labialis was recorded in 92/275 (34%) cases of pneumococcal meningitis 

compared to 27/190 (14%) cases of non-pneumococcal meningitis (p < 0.001). It 

was associated with survival at day 40 in a multivariate model by ITT (OR 8.3 

95%CI 4.7 -  14.7), for patients with proven bacterial meningitis (OR 9.0 95%CI 4.7- 

17.4) and for patients with pneumococcal meningitis (OR 11.3 95%CI 5.5-23.2). 

Varicella zoster was weakly associated with survival in an extended multivariate 

model (p=0.047)

Nineteen patients had adverse events more likely to be due to antibiotics than 

steroids; 9 developed late fever (7 steroid), 5 had a rash (2 steroid), 3 had diarrhoea 

(1 steroid) and 2 became jaundiced (both steroid). There was no difference in 

incidence of any side effect with IV as compared to IM ceftriaxone administration.
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In order to ascertain features associated with poor outcome, further analyses were 

performed. Mortality at 40 days from randomisation for all patients and for patients 

with proven or probable bacterial meningitis was 54%. Mortality for patients with 

proven bacterial meningitis and with proven pneumococcal meningitis was 50% and 

51% respectively. Two physicians used a UK-style death certification system to 

record a cause of death in 224 cases. 206 deaths (92%) were attributed primarily to 

bacterial meningitis. Five patients died of multi-organ failure, 7 of cryptococcal 

disease, 2 each of LRTI and acute renal failure, and 1 each of TBM and 

gastroenteritis. Lower respiratory tract infection was thought to be a contributing 

factor in 35 deaths (16%), stroke in 3 cases, renal impairment, liver impairment and 

anaemia in 2 cases each and hypertension in 1.

In patients with proven bacterial meningitis, mortality was not significantly greater 

for pneumococcal disease than for non-pneumococcal disease (140/272 (51%) vs. 

22/50 (44%) p=0.332) although the number of patients with non-pneumococcal 

disease was small. Mortality at day 40 was not significantly different for serotype 1 

compared to the other serotypes combined (33/56 (59%) vs. 22/47 (47%) p=0.219)

None of the 20 patients with meningococcal meningitis or of the three patients with 

H. influenzae died. The highest mortality was in those with non-//, influenzae Gram 

negative rod meningitis (20/22 (91%)).

An analysis describing the association between predetermined baseline factors and 

mortality at 40 days for all patients is shown in table 20.

3.4.8 Outcome predictors
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Table 20. Association between pre-determined baseline features and mortality at 
40 days.

Univariate analysis Multivariate analysis*

OR (95%CI) P value OR (95%CI) P value

Male 1.09 0.75-1.57 0.67 0.98 0.62-1.55 0.94

Age >32* 1.92 1.32-2.79 0.001 1.96 1.24-3.10 0.004

GCS < 12* 2.77 1.90-4.06 <0.001 4.10 2.51-6.69 <0.001

Hb < 10g/dl§ 1.82 1.23-2.69 0.003 2.19 1.39-3.45 0.001

>48 hour history 11 1.64 1.07-2.50 0.02 1.48 0.87-2.49 0.14

Pneumococcus 0.76 0.52-1.10 0.15 0.56 0.34-0.93 0.024

Prior antibiotics 1.19 0.81-1.75 0.364 0.93 0.58-1.49 0.76

HIV positive 1.96 1.05-3.69 0.035 1.35 0.67-2.72 0.40

All factors in this table were included in the final model 
* Mean age = 32.5 years
I Median GCS on admission = 11
§ Median admission Hb = 10.4g/dl
II > 48 hours taken to represent late presentation

3,4,9 Exploratory analyses

A further exploratory analysis, restricted to patients with proven or probable bacterial 

meningitis, was performed using a wider range of baseline variables. The unadjusted 

odds ratios for death by day 40 are shown in Table 21. The variables for which 

crude unadjusted results were significantly associated with mortality at a level of p < 

0.05 were subsequently put into a binary logistic regression model in two further 

iterations to determine the strength of the associations (Table 22).
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Oô
r

Acn 
J J

13

E



or
 p

ro
ba

bl
e 

ba
ct

er
ia

l m
en

in
gi

tis
 (

co
nt

d.
)

G<D>O

IT)ON

£ cn
G<L>
CX

a
"3 en enO

oo en ■p" un -a-> On O o O ON C'
a O O V d d O d

aC/5
£~a
oN-
ta
Sn
3t¡o
£
O
O«

N?oN«oo\

PC
O

OSCS

U>

00 un T—t CN m r-3T 00 O G\ m- *—• O
*—< en o O CN en
uñ r—H CN en cL r-Huo en en NO r-
o T"H o O d o o

00 00 un ON r-ON (N N" en ON CN 1
o CN O O d

_ ^^
/—N /-N /■-N »—1 un un

ONON

NO

OnOn
(NCN

io>
■<3-

OnOn
OON

ONOn

NO
OOOn

CN

00

■'3-ON
LONO

On
ir>ON
NO00

TfCO
CN

■o««
O

CN
—
-§H

oen
C T )enCN

l-n

C/3OOh
<UWhPH-»
3O
T3OOs

CNCN■—✓
3̂"enCN
lOi

00CN,
3̂"enCN
NONO

Oo

enCN
NO

NO
CNenCN

0000
NOCNCN
00On

O
£

NOON
C"CNCN
00
CN

3 .
O
o

—L.
d
o

<L> £
00

d bd 1 o CN
o o

o
o

o ’55
O V

<ucfl
A

V A CX g
U o O . S O

O ' S
U O O ’3•U 3

■4—*
O

£ £ £
G0
tí O

t-,
c e

l-c t e t e G t e t e
CO CO CO t CO CO
O U U O U O

en en ir> O
O O
" tCL, o, 
ir) 3;cn o  
d  CN
Il IL
pC çèo o
2 g

ci c S o
> £o 2Lh L-
O h Ce
N- fe O O

t e  t e



Table 22. Multivariate analysis for predictors of mortality at 40 days in patients 
with proven and probable bacterial meningitis (n=345).

Variable OR 95%CI p value

Age* 1.004 0.98-1.03 0.77

History < 48hrs 0.6 0.32-1.11 0.1

Respiratory symptoms 2.56 1.33-4.93 0.005

HIV positive 1.17 0.49-2.78 0.73

History fits 0.82 0.41-1.62 0.56

GCS* 0.77 0.70-0.84 <0.001

Pulse/10* 1.13 0.98-1.30 0.09

Systolic BP < lOOmmHg 1.64 0.41-6.64 0.49

Chest signs 3.28 1.28-8.37 0.01

Haemoglobin (g/dl)* 0.93 0.84-1.03 0.16

WCC < 4 2.94 1.27-6.80 0.01

WCC 4-11 (reference) 1

WCC > 11 0.47 0.26-0.84 0.01

Platelets <100 1.31 0.70-2.46 0.4

Platelets 100-400 (reference) 1

Platelets > 400 3.82 1.25-11.7 0.02

CSF WCC < 100 0.87 0.38-1.96 0.73

CSF WCC 100-1000 (reference) 1

CSF WCC 1000-10000 0.5 0.28-0.89 0.02

CSF WCC > 10000 0.17 0.04-0.79 0.02

* Analysed as continuous variables.
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For 251 cases of proven bacterial meningitis, this multivariate analysis changed in a 

limited number of respects. A low peripheral WCC (<4xl09/l) became more strongly 

associated with mortality (OR8.3 p=0.01) but a WCC of > Ilx l0 9/1 lost its apparent 

benefit. A high platelet count became non significant (OR 3.3 p=0.09). The odds 

ratio for mortality according to HIV positivity changed around unity but the effect 

remained non significant (OR 0.62 p=0.36).

For 213 cases of pneumococcal disease, the only variables to retain significance as 

predictors of mortality were GCS analysed as a continuous variable taking values 

between 3 and 15 (OR 0.71 (95% Cl 0.63-0.81 p < 0.001) and the presence of 

abnormal signs on respiratory examination analysed as a categorical variable (OR 

5.46 (95%CI 1.74-17.07 p=0.004).

After a further iteration retaining only variables which were significant (p < 0.05) in 

the multivariate analysis, six factors were identified as being independently 

predictive of outcome (table 23).
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Table 23. Multi-variate analysis for predictors of mortality at 40 days for 
patients with proven or probable bacterial meningitis (n=364) -  
secondary iteration.

Variable OR 95%CI p value

Respiratory symptoms 2.26 1.23-4.17 0.009

Chest signs 3.72 1.56-8.89 0.003

GCSf 0.78 0.71-0.84 <0.001

WCC < 4 3.42 1.50-7.83 0.004

WCC 4-11 (reference) 1

WCC > 11 0.44 0.26-0.74 0.002

Platelets > 400 5.31 1.85-15.27 0.002

(CSF WCC > 1000/pl) * 0.47 0.29-0.77 0.003

* In this model, GCS was analysed as a continuous variable
*In this model, high CSF WCC has been categorised as > 1000/pl with no further
sub-division

For 224 cases of pneumococcal disease, the only variables which retained

significance at p < 0.01 were chest signs and GCS. A peripheral WCC of < 4 was

associated with a p value of 0.027.
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CHAPTER 4: DISTINGUISHING BACTERIAL AND TB MENINGITIS

4.1 Introduction

The difficulty in obtaining an accurate diagnosis is one of the important barriers to 

improving outcome amongst patients with pyogenic meningitis in resource poor 

settings. Diagnosis based on history and examination is unreliable with one or more 

of the key clinical features, such as, fever, neck stiffness and altered level of 

consciousness, being absent in many patients (6;39; 158; 159) although the absence of 

all three of these key features virtually excludes the diagnosis of bacterial meningitis 

(150;160). However, the specificity of any or all of these signs for bacterial 

meningitis is poor, primarily because none reliably distinguish between pyogenic 

from other forms of meningitis or from malaria. Cryptococcal meningitis, pyogenic 

meningitis and TB meningitis are common in Blantyre and together account for 1 in 

40 admissions to the adult general medical wards (4). Twenty patients recruited 

according to protocol to the steroid trial reported above were subsequently shown to 

have cryptococcal meningitis and 7 had tuberculous meningitis.

In resource poor settings, particularly where laboratory services are limited, a clinical 

algorithm to aid in diagnostic stratification would be highly valuable. One such 

algorithm has been developed in Vietnam to aid distinction between pyogenic 

meningitis and TB meningitis. Tuberculous meningitis carries a high mortality rate, 

especially in Sub-Saharan Africa. Diagnostic strategies include direct Ziehl-Neelsen 

staining and CSF culture. The former has a low sensitivity, and the latter is too slow 

to be useful in making therapeutic decisions. As with bacterial meningitis, delays in 

achieving a diagnosis are associated with increased mortality. A study in
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Johannesburg on patients with TB meningitis described a rise in mortality from 56% 

to 90.5% when treatment was delayed for longer than 24 hours after admission (161). 

There is therefore an urgent need to identify ways to improve early diagnostic 

accuracy, particularly in resource poor settings and where TB meningitis is prevalent.

The diagnostic index developed in Ho Chi Minh City set out to define features useful 

in differentiating acute bacterial meningitis from TB meningitis. Only clinical and 

laboratory data which were available within the first few hours of admission were 

considered (61). For each patient, a score was calculated based on 5 features each of 

which was weighted according to its discriminatory capacity. Included in the scoring 

system were age, time to presentation, peripheral and CSF white cell count and 

percentage neutrophilia in the CSF (Table 24). In Vietnam, a diagnostic index score 

of < 4 predicted the occurrence of TB meningitis with a sensitivity of 85% and a 

specificity of 79%. The method has been validated in Turkey, a country with similar 

HIV and TB rates to Vietnam, where it had a sensitivity of 95.6% and a specificity of 

70.8% (62). The index has not been tested in an area of high HIV seroprevalence 

where other infections, in particular cryptococcal meningitis, are important 

differential diagnoses.

If applicable in sub-Saharan Africa, such a diagnostic index would facilitate early 

and appropriate chemotherapy for meningitis. If not applicable, its inappropriate use 

could potentially cause harm. We therefore evaluated the Vietnam diagnostic index 

in Blantyre where the HIV prevalence among medical in-patients is 70% (151).
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Table 24. Diagnostic index score derived from adult patients in Vietnam*.

Diagnostic index

Age (years)

>36 2

<36 0

Peripheral blood WCC (103/ml)

> 15 000 4

< 15 000 0

Length of History (days)

>6 -5

<6 0

CSF total WCC (103/ml)

>900 3

<900 0

CSF % neutrophils

>75 4

<75 0

Total < 4 = TB meningitis

Total > 4 -  bacterial meningitis

* Thwaites et al. 2002



4.2 Methods

The Thwaites diagnostic index was assessed against the clinical presentation of 

consecutive adult admissions to Queen Elizabeth Central Hospital, Blantyre with 

suspected meningitis over a 4 month period in 2004. Clinical information was 

retrieved from case notes, the hospital TB register and laboratory records. Age, prior 

or concomitant treatment with antimicrobial therapy, length of history, chest 

radiograph findings, clinical features, and results of cerebrospinal fluid (CSF) 

analysis were recorded. Outcome data were recorded at discharge in the TB 

meningitis and cryptococcal meningitis groups, and at one-month in the bacterial 

meningitis group.

The criteria used in the Vietnam study for the diagnosis of TB and bacterial 

meningitis were modified to allow their application in our setting (Table 25). In the 

absence of TB culture, a diagnosis of TB meningitis could only be established if the 

patient had a clinical syndrome and CSF findings suggestive of TB meningitis, and 

improved on treatment. CSF glucose was estimated using urine reagent strips as 

described above (58). A reagent strip value of 0 on a scale of 0 to 5 was used as a 

proxy for CSF glucose < 50% blood glucose. Cryptococcal meningitis was diagnosed 

by positive India ink staining of CSF. Bacterial meningitis was diagnosed either by 

Gram’s stain or culture.

The Vietnam diagnostic index was applied in order to assess the sensitivity and 

specificity of this tool as a means of establishing an early diagnosis of TB meningitis 

in Malawi. Patients were excluded from analysis if information necessary for the 

diagnostic index was not complete, or if a clear diagnosis could not be established.
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4.3 Results

For the purposes of this study, 136 consecutively admitted patients presenting with a 

presumed diagnosis of meningitis were recruited. 50 were excluded from study due 

to insufficient data being available to establish a definitive diagnosis or to apply the 

diagnostic index. Data from 86 patients were analysed. Table 26 indicates the 

clinical diagnoses and characteristics of those included and excluded from the study.

Table 26. Patient characteristics.

Cause of Patients Patients % male, % male, Mean age/ Mean

meningitis identified included included excluded y, included age/y,

patients patients patients excluded

(SD) patients

All 136 86 57 44 31 (±11) 35 (±12)

TB 26 9 67 47 32 (± 6) 40 (±12)

Bacterial 80 65 55 47 30 (± 11) 30 (±10)

Cryptococcal 30 12 58 40 39 (± 13) 36 (±13)

Table 27 shows scores for each cause of meningitis, by category in the diagnostic 

index. The majority of patients were below the age of 36, had a peripheral white cell 

count below 15000 x 103/ml and a CSF total white cell count below 900 x 103/ml.
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Table 27. Breakdown of diagnostic index scores by cause of meningitis.

Aetiology —» All causes TB Bacterial Cryptococcal Index

■ l Diagnostic index total (%) total (%) total (%) total (%) score

Age >36 years 22/85 (26) 3/9 (33) 14/64 (22) 5/12 (42) + 2

Blood wcc > 15 000 

x 103/ml

20/85 (24) 1/9(11) 19/64 (30) 0/12 (0) + 4

History of illness 

> 6 days

33/85 (39) 4/9 (44) 20/64 (31) 9/12 (75) - 5

CSF total wcc > 900 

x 103/ml

34/85 (40) 3/9 (33) 31/64 (48) 0/12 (0) + 3

CSF % neutrophils

> 75%

64/85 (75) 2/9 (22) 61/64 (95) 1/12 (8) + 4

Diagnostic index scores were calculated (Table 28). Seven of 9 patients with TB 

meningitis had a diagnostic index score of < 4, correctly indicating the diagnosis as 

likely to be TB meningitis. The sensitivity of the scoring system for the diagnosis of 

TB meningitis was therefore 78%. However, 12 out of 12 patients with cryptococcal 

meningitis and 31 out of 65 patients with bacterial meningitis had diagnostic index 

scores which wrongly predicted a diagnosis of TB meningitis. The specificity for the 

diagnosis of TB meningitis was therefore 43%, with a positive predictive value of 

14% and a negative predictive value of 94%. For the diagnosis of bacterial 

meningitis, the specificity was 52%.
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Table 28. Diagnoses by the diagnostic index scoring system and true diagnoses 
for 86 patients with meningitis.

Diagnostic index

TB meningitis Not TBM Total

‘Gold TB meningitis 7 2 9

standard’ Bacterial 31 34 65

diagnostic meningitis

techniques Cryptococcal 12 0 12

meningitis

Total 50 36 86

Sensitivity 78% Specificity 43%
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CHAPTER 5: CYTOKINE RESPONSE

5.1 Introduction

Cytokines are small proteins or glycopeptides which are central to the inflammatory 

network. They form an important component of the host response to infection for 

two contrasting reasons: through their role in signalling the initiation and 

perpetuation of an immune response, they contribute to the control of infection on 

the one hand and, by signalling the abatement of the immune response, they 

contribute to the limitation of pathology on the other. In other words, cytokines play 

key roles in orchestrating a rapid and vigorous immune response to an invading 

organism, and in limiting the extent and duration of the immune response which, 

unchecked, would otherwise result in tissue damage. They may represent a principal 

site of action of corticosteroid as an immunomodulator.

Cytokines are produced by immune cells such as lymphocytes, monocytes and 

macrophages and by non-immune cells including fibroblasts and endothelial cells. 

When an antigen is presented on an antigen presenting cell (such as a macrophage, B 

lymphocyte or dendritic cell) to an effector cell, the profile of the cytokine response 

elicited depends upon the type of antigen, the presence of specific T cell subsets and 

the cytokine environment in which the process takes place. Murine models have 

shown that distinct T helper cell subsets elaborate specific cytokines and modulate 

specific aspects of the immune response (162;163). Thl cells produce IFN-gamma 

and IL2 and are important in the regulation of cell mediated immunity and delayed 

type hypersensitivity reactions. IFN-gamma causes activation of macrophages and 

induces B cells to produce opsonising antibody. Thl responses are promoted by
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local production of IFN and IL12. Th2 cells are characterised by IL4, IL2 IL6 and 

IL10 production and are important in humoral immunity and allergic responses. IL4 

results in activation of B cells to produce neutralising antibody. Th2 predominance 

is promoted by local production of several cytokines, including IL10, IL18 and IL4. 

Several cytokines, such as TNFa and GM-CSF are produced by both Thl and Th2 

subsets. In general, a Thl response is more effective against intracellular pathogens 

and a Th2 response is more effective against extracellular pathogens, including 

extracellular bacteria and parasites. A further subset of lymphocytes, designated 

ThO, has an unrestricted cytokine profile.

As both Thl and Th2 subsets exist in a positive feedback amplification system, 

negative feedback loops are required to down regulate the immune response in order 

to prevent an overwhelming inflammatory reaction causing harm to the host. T- 

regulatory cells are predominantly suppressive in their effect and elaborate IL10 and 

TGFp. The former deactivates macrophages, which in turn down regulates cytokine 

production by T cells (164), and the latter inhibits T cell activation and proliferation

(165).

Six cytokines were investigated in this study. IL1 is produced predominantly by 

macrophages and monocytes and also by glial cells in the CNS. It stimulates 

maturation and proliferation of B cells, T cells and natural killer cells and mediates 

recruitment of neutrophils and the synthesis of acute phase reactants. IL6 is 

produced by the macrophage/monocyte population, Th2 cells and by stromal cells 

including glial and neuronal cells in the CNS. It stimulates differentiation of B cells, 

antibody production and the acute phase response. IL8 is elaborated by macrophages
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and endothelial cells and its predominant effect is the recruitment of neutrophils. 

IL10 is produced by both Th2 cells and regulatory T cells. It has both stimulatory 

effects (e.g. antibody production by B cells) and inhibitory effects (cytokine 

production by macrophages). IL12 is produced mainly by macrophages and B 

lymphocytes and its main effect is the activation of cytotoxic T cells and natural 

killer cells. TNFa is secreted by T helper cells, macrophages/monocytes, neutrophils 

and natural killer cells following stimulation by bacterial lipopolysaccharide. It has 

wide ranging effects including cell death, neutrophil chemotaxis and thrombogenesis.

Using CSF and serum samples from a subset of patients enrolled in the steroid 

adjuvant therapy trial, we set out to characterise the cytokine response with a view to 

identifying prognostic markers and possible targets for further research. To this end 

we posed five specific questions which we attempted to investigate in the context of 

this trial.

1) Do cytokines independently predict for mortality or disability? If so, do our 

data support the rationale for manipulating cytokine expression as a 

therapeutic intervention?

2) Is the level of cytokine expression related to either length of history or to 

disease severity? This may provide evidence to look for further therapeutic 

targets downstream from cytokine activation

3) Are steroids demonstrably associated with a differential expression of pro and 

anti inflammatory cytokines? If so, could cytokine expression explain in part 

the effect of steroid adjuvant therapy in bacterial meningitis in general and 

the results of this trial in particular?
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4) Given the theoretical reasons for the timing of steroid adjuvant therapy 

discussed above, are patients who are pre-treated with antibiotics shown to 

express higher levels of cytokines than patients not exposed to pre-treatment? 

This would provide a rationale for the importance of timing of steroid 

adjuvant therapy in relation to antibiotic therapy.

5) Is cytokine expression dependant on organism or organism load?

5.2 Methods

Samples of CSF and serum were submitted for cytokine analysis from consecutive 

admissions to the steroid trial between May 2003 and October 2004 provided that the 

samples were frozen within two hours of receipt in the laboratory. No other selection 

criteria were imposed. Patients whose samples were not processed immediately were 

excluded in order to minimise the effect of bench degradation of assay targets.

Cytokines ILip, IL6, IL10, IL8, IL12p70 and TNFa were measured using a 

cytometric bead array (BD Biosciences, San Diego). Six bead populations with 

differing 650nm fluorescence intensities were coated with capture antibodies specific 

for the six cytokines. The beads were incubated with flourochrome (phycoerythrin -  

585nm) conjugated detection antibodies and either serial dilutions of recombinant 

standards, CSF test samples at a dilution of 1:250 or serum test samples undiluted. 

The resulting sandwich complexes were resolved in the FACScan flow cytometer 

and the output analysed using dedicated software according to the manufacturer’s 

instructions. The limits of detection were as follows:

110



Cytokine Minimum 

detectable level 

(pg/ml)

IL8 3.6

IL1 7.2

IL6 2.5

ELIO 3.3

TNFa 3.7

IL12 1.9

5.2.1 Analysis

Initial exploratory analyses were performed in order to describe the cytokine profiles 

and to identify baseline factors associated with either high or low level expression for 

each cytokine using the median value as a cut off. A logistic regression model 

included the following base line characteristics as continuous variables: GCS, age, 

temperature, CSF white cell count; and the following categorical variables: history 

less than 48 hours, pneumococcal disease, HIV serostatus, sex, anaemia (Hb < 

lOmg/dl) and prior antibiotic or sulphadoxine therapy.

5.3 Results

Cytokine analysis was performed on at least one sample from 93 patients admitted 

with suspected bacterial meningitis. Of 82 patients who had admission CSF 

submitted for cytokine analysis, 42 (51%) had cytokine analysis on an admission 

serum sample taken at the same time as the CSF and 53 (65%) patients had cytokine
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analysis on a follow up CSF taken 48 hours into therapy. A further 11 patients had 

cytokine analysis on a CSF sample collected at 48 hours into treatment but not on an 

admission sample.

For the purposes of the clinical trial from which this cohort was drawn, patients were 

randomised to receive either dexamethasone (49%) or placebo (51%). Of the 82 

patients with admission CSF cytokine data, 62 patients (76%) had proven 

pneumococcal disease, 7 (8%) had meningococcus and in 13 (16%) patients no 

organism was identified. Admission characteristics and causative organisms are 

shown in table 29.

112



Table 29. Demographic, clinical characteristics and treatment allocation of 
patients in whom cytokines were assayed.

Dexamethasone (n 44) Placebo (n 49)

N % Median Range N % Median Range

Age (years) 28 13-65 30 17-65

Male sex 25 57 27 55

HIV positive 35 80 40 82

HIV negative 8 19 7 14

HIV unknown 1 2 2 4

Duration of 72 15-504 96 10-720

symptoms (hours)

Temperature ( u C) 38.6 35.5- 39 36.2-

40.4 40.6

GCS 10 3-15 12 3-15

11.6 5.7- 10.9 2.8-

15.4 17.3

CSF WCC (xlOy/ ml) 1020 10- 999 20-

15760 29440

% neutrophils 91 67-99 92 60-100

Pretreatment with any 13 30 15 31

antibiotic

Pre-treatment with 6 14 5 10

oral antibiotic

Pre-treatment with SP 13 30 18 37
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Table 29. Demographic, clinical characteristics and treatment allocation of 
(contd.) patients in whom cytokines were assayed

Dexamethasone (n 44) Placebo (n 49)

Pre-treatment with IV 

or IM

7 16 10 20

Proven ABM 38 86 38 78

Pneumococcus 33 75 33 67

Meningococcus 4 9 4 8

Probable ABM 6 14 11 22

Gram stain positive 27 61 29 59

5.3.1 Admission CSF and serum cytokine levels

All admission CSF samples demonstrated detectable levels of IL6 and IL8, and the 

majority (96%) of samples had detectable levels of IL10. Cytokines IL12 and TNFa 

were detectable in approximately 75% of samples and IL1 was detectable in 56% of 

samples (Table 30). Using regression analyses, variation in TNF and IL8 were 

closely correlated (p < 0.001) and variation in IL10 and IL6 were closely correlated

(p < 0.001).

Cytokines were detectable in a smaller proportion of admission serum samples than 

of CSF samples although the rank order of proportion of samples in which the 

cytokines were detectable was similar for CSF and serum (Table 30). Mean levels of 

cytokines were significantly lower in serum compared to CSF for all cytokines 

measured (p < 0.001 Wilcoxson signed rank test) although CSF and serum cytokine
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levels correlated poorly (Fig. 7). Compartmentalization of cytokine response to the 

CSF was most marked for TNFa and IL1.

Table 30. Proportion of samples with detectable cytokine and mean cytokine
levels in 82 admission CSF samples and 45 admission serum samples.

% of CSF 

samples with 

detectable 

cytokine

Mean cytokine 

concentration in 

CSF (+-SD) (pg/ml)

% of serum 

samples with 

detectable 

cytokine

Mean cytokine 

concentration in 

serum (+-SD) 

(pg/ml)

IL6 100 461703(322920) 98 1352 (1575.03)

IL8 100 64062 (83556) 100 346 (838.63)

IL10 96 2746 (3730) 89 71.47 (158.11)

TNFa 74 4225 (8774) 53 2.17(3.87)

IL12 73 525 (386) 24 4.15 (9.87)

IL1 56 3082 (4247) 10 3.10 (10.20)
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Amongst those with either proven ABM (n=69) (Fig. 8) or proven pneumococcal 

meningitis (n=62), TNF and IL8 were higher in patients who died before day 10 than 

in those who were alive at day 10. When all patients for whom admission CSF 

cytokine levels were available (n=82) were included in the analysis, no significant 

differences persisted (Fig. 9). Results were unaffected when the outcome variable 

was defined as death or disability at day 10 or when death at day 40 was used.

5.3.2 Cytokines and outcome

Fig. 8. Admission CSF cytokine levels in patients with proven bacterial
menignits by mortality at day 10 (n=69).
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Fig. 9. Admission CSF cytokine levels for all patients by mortality at day 10
(n=82).
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Change in cytokine expression between the admission level and the level at 48 hours

was not significantly different in patients who were alive at day 10 and patients who 

were dead at day 10.
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Fig. 10. Change in mean cytokine level at admission (time point 1) and 48 
hours (time point 2) by vital status at day 10.
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5.3,3 Cytokines and disease severity

Admission CSF levels of IL6, TNF and IL8 were significantly lower in patients who 

were fully conscious as compared to patients with a reduced Glasgow Coma Score 

(Fig. 11). When the analysis was restricted to patients with proven pneumococcal 

disease, the results for TNF and IL6 remained significant (Fig. 12).
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Fig. 12. Admission CSF cytokines by GCS 
Pneumococcal meningitis only (n=62).
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There was no linear association of any cytokine level at presentation with length of 

history either for all patients (Fig. 13) or for patients with proven pneumococcal 

meningitis (Fig. 14).

5.3.4 Cytokines and length of history

Fig. 13. Admission CSF cytokine levels by time to presentation (n=82).
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There was no significant difference in the proportion of patients with detectable 

levels of any of the six cytokines measured in the steroid treated patients as 

compared to the placebo treated patients either at baseline or at 48 hours into therapy. 

Where cytokines were detected at 48 hours, there was no significant difference of 

levels of cytokine expression (Table 31). This remained true when the analysis was 

restricted to patients with pneumococcal meningitis (Table 32).

Table 31. Number (%) of steroid and placebo treated patients with detectable 
cytokine expression at 48 hours into therapy and estimate of 
significance of difference in of levels of expression between the 
groups (All patients).

5.3.5 Cytokines and steroids

Steroid Group 

(n=31)

Placebo Group 

(n=33)

p value for 

difference in 

proportion of 

patients with 

detectable 

cytokine (Chi 

squared)

p value for

difference in

level of

cytokine

expression

(Mann-

Whitney)

IL12 2 (6.5) 3(9) 0.694

TNFa 7(23) 10(31) 0.438 0.883

ILIO 11 (35) 11(34) 0.926 0.308

IL6 19(61) 26 (79) 0.126 0.597

IL1 4(13) 5(15) 0.796 -

IL8 27 (87) 31 (94) 0.348 0.956
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Table 32. Number (%) of steroid and placebo treated patients with detectable 
cytokine expression at 48 hours into therapy and estimate of 
significance for difference in of levels of expression (Pneumococcal 
disease only).

Steroid Group Placebo Group p value for p value for

(n=20) (n=20) difference in difference in

proportion of level of

patients with cytokine

detectable expression

cytokine (Chi (Mann-

squared) Whitney)

IL12 1(5) 2(10) 0.548 “

TNFa 4(20) 4(21) 0.935 0.386

IL10 7(35) 7(36) 0.905 0.180

IL6 16 (80) 17(85) 0.677 0.407

IL1 3(15) 5(25) 0.429

IL8 17(85) 19 (95) 0.292 0.30

In patients who had detectable cytokine at admission, change in level of cytokine 

expression over 48 hours was not significantly different between steroid and placebo 

treated patients (Table 33; Fig. 15). A total of 157 individual cytokine assays were 

performed on CSF samples from 53 patients. In 23 of 157 assays, an increase in 

measured cytokine expression between admission and repeat lumbar puncture at 48 

hours was recorded; IL12, TNF, IL10, IL6, IL1 and IL8 increased in 1, 6, 5, 3, 3 

and 5 patients respectively. Rise in cytokine expression was not more common in 

steroid as compared to placebo treated patients.
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Table 33. Mean change (SD) in cytokine expression between admission and 48 
hours.

Steroid (n=27) Placebo (n=26)’ p (Indep 

samples t test)

95% Cl

IL12 484 (388) 538 (398) 0.62 -271 -  163

TNF a 4408(11461) 3602 (7049) 0.76 -4547-6156

IL10 2066(2384) 1255 (1391) 0.15 -288 -  1909

IL6 451935 (362573) 332513 (323606) 0.21 -70351-

309193

IL1 2241(2893) 2014 (3369) 0.79 -1503 -  1956

IL8 62774 (68634) 35640 (54836) 0.12 -7207

61474

* 25 patients for TNF and ILIO

Change in CSF white cell count and neutrophil predominance over 48 hours, were 

unaffected by steroid administration. This remained true when the analyses were 

restricted to proven bacterial meningitis or to pneumococcal meningitis (Table 34). 

The only association between cytokine levels at 48 hours and steroid administration 

was that IL8 was significantly lower in steroid treated patients who had a high 

bacterial load (defined by a positive Gram stain on admission CSF; n=31) (p 0.045).
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Fig. 15. Change in cytokine expression over 48 hours in steroid treated 
patients and placebo treated patients (Bars represent standard error of 
the mean).
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Table 34. Change in CSF white cell count and proportion of neutrophils over 48 
hours by steroid vs. placebo administration.

All pts (n=53) Dex SD Pla SD P

Mean CSF WCC change 1387 4625 868 4436 0.65

Mean change in % neutrophils 19 28 8 20 0.08

Proven ABM (n=42)

Mean CSF WCC change 1535 5064 961 5439 0.71

Mean change in % neutrophils 18 29 9 23 0.28

Pneumococcal only (n=36)

Mean CSF WCC change 1124 5290 -258 3300 0.35

Mean change in % neutrophils 16 28 4 16 0.11

5,3,6 Cytokines and pre-treatment with antibiotics

Pre-treatment with antibiotics, either oral (including SP) or parenteral, had no effect 

on mean admission level for any cytokine assayed (Fig. 16). This held true when the 

analysis was restricted to 68 patients with proven bacterial meningitis and when SP 

was excluded from the definition of antibiotic pre-treatment. It was not possible to 

perform a restricted analysis in patients who had had at least 24 hours of antibiotic 

therapy prior to presentation as only 6 patients in this group were in the cytokine 

assay cohort.
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Fig. 16. Admission CSF cytokine levels and pre-admission antibiotic exposure 
(n=82).
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5.3.7 Cytokines and organism

Concentrations of TNF, IL10, IL6, IL1 and IL8 were significantly higher in

admission CSF samples from patients with pneumococcal meningitis (n=62) as

compared to patients with non-pneumococcal meningitis (n=20) using a two tailed 

Mann-Whitney test. Only IL12 was not significantly associated with pneumococcal 

disease (Fig . 17).

129



Admission levels of TNF and IL8 were significantly higher amongst patients with 

pneumococcal meningitis (n=62) as compared to patients with meningococcal 

meningitis (n=7) (Fig. 18).
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Fig. 17. Mean cytokine levels in admission CSF by organism group (bars
represent SEM).
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Fig. 18. Mean cytokine levels in admission CSF for pneumococcal and
meningococcal disease (bars represent SEM).
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As no quantitative measure was available, we used Gram stain positivity as a crude 

indicator of high organism load. For patients with pneumococcal meningitis, IL10 

levels were significantly lower in admission CSF samples in which no organisms
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were seen on initial microscopy as compared to samples with a positive Gram’s 

stain. There was no significant difference between the groups for the other cytokines 

measured. The number of cases with a negative Gram’s stain was small (n=10) 

compared to the number of cases with a positive Gram stain (m=52). (Fig. 19).
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Fig. 19. Admission CSF cytokine levels and Gram stain positivity - 
pneumococcal disease only (n=62).
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CHAPTER 6: DISCUSSION

6.1 Admission characteristics

Approximately 1500 cases of meningitis were admitted to our hospital over the 30 

months of the trial. This represents approximately 1:20 of medical admissions. 

Cryptococcal meningitis was the most common meningitic disease (accounting for 

643 episodes) followed by bacterial meningitis (522 episodes) and then TB (282 

episodes). In addition, there were over 200 abnormal CSFs which were non

diagnostic. These probably included a number of cases of viral meningitis and 

meningoencephalitis.

There are several notable features at presentation that characterise patients in this 

trial. Firstly, 90% of our patients were HIV positive. This compares to 1% of 

patients in the Vietnamese trial (49) and no reported cases in the European trial (6). 

HIV infection in Malawi is reported by the government to be present in around 14% 

of adults although according to independent surveillance data, prevalence may be 

over 30% in urban settings (166). HIV related disease dominates adult medical 

practice and, at Queen Elizabeth Central Hospital where our study was carried out, 

70% of adult medical inpatients are HIV positive (167). HIV infection is likely to be 

the main reason for the higher incidence of bacterial meningitis in this population as 

compared to Europe and Vietnam. In addition, the prevalence of HIV infection is 

reflected by the high incidence of cryptococcal and tuberculous meningitis. This 

may make the diagnosis of probable bacterial meningitis less secure than in settings 

where HIV prevalence is low and where the differential is consequently narrower. 

Secondly, patients in Malawi presented late. Median time to presentation from onset
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of symptoms in our patients was 72 hours. Patients in Vietnam had a similar time to 

presentation whereas in Europe the figure was 24 hours (6). It is not clear why 

presentation in poorer communities is delayed but reasons might include difficulty in 

accessing appropriate health care services, cultural beliefs which favour traditional 

medicines, poor diagnostic capacity and cost of secondary care to individual patients. 

Late presentation almost certainly predicts a poor prognosis and may explain in part 

the differences observed between our trial and other trials if patients are matched for 

organism. For example, mortality due to pneumococcal meningitis in Europe is 

around 30% (168) whereas in Malawi it was 51% in the context of this trial and over 

60% outside the context of a trial (4). A large proportion of patients in the Malawi 

trial (64%) had received some form of medical care (oral or parenteral antibiotics, 

anti-malarial treatment or attendance at a traditional healer) prior to randomisation, 

particularly those who had probable bacterial meningitis. A similar number of 

patients in the Vietnamese trial had received antibiotic therapy prior to enrolment

(49). The association between pre-hospital treatment and late presentation may point 

to inadequate diagnostic capacity in the community. Of particular importance is the 

recognition of symptoms that might suggest meningitis and appreciation of the 

difficulty in distinguishing meningitis from malaria (see below). Patients in the 

Malawi trial were younger than those in either Vietnam or in Europe (mean age of 

32, 42 and 45 years respectively.) This may reflect the prevalence of HIV infection 

in our population.

The diagnosis of bacterial meningitis is difficult to make on the basis of symptoms 

and signs alone. In our trial, the classical meningitis triad of fever, neck stiffness and 

altered level of consciousness was present in only 51% of patients with proven or
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probable bacterial meningitis and in 59% of those with proven bacterial meningitis. 

This is slightly higher than in a European population in which 44% of patients 

demonstrated this triad (168). Since patients in Malawi present later in the course of 

their disease, it is likely that they present with more severe disease and are therefore 

more likely to have evolving symptoms and signs. In addition, there may be a lower 

threshold and greater capacity for performing diagnostic lumbar puncture in Europe 

than in Malawi. This would imply that European practice is capable of picking up 

earlier disease and that practice in Malawi may miss a significant proportion of true 

diagnoses presenting early in the illness.

In areas of transmission, malaria is an important source of diagnostic confusion. In 

our trial, the triad of clinical features which suggest severe malaria (headache, fever 

and altered level of consciousness) was present in 74% of patients with proven 

bacterial meningitis. In light of the fact that symptoms of meningitis and of cerebral 

malaria overlap considerably, such confusion is not surprising and the difficulty in 

distinguishing malaria (traditionally treated in the out patient setting in Malawi) from 

bacterial meningitis remains a cause for concern. However, there is good evidence 

that malaria is over diagnosed in such settings, even when diagnostic facilities are 

freely available. In a study from Tanzania over 50% of patients who were known to 

have a negative malaria film were given anti-malarial therapy (169). In our trial, 

42% of 426 patients from whom data were available had received anti-malarial 

treatment during the course of their illness; only 2 patients had a final diagnosis of 

malaria. Similarly in the paediatric population in sub-Saharan Africa, meningitis was 

the preferred admission diagnosis in 30 -  42 % of patients who were subsequently 

confirmed to have bacterial meningitis, most of the reminder having initially been
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thought to have malaria (48; 148). These figures imply a delay or failure in 

establishing the diagnosis of bacterial meningitis for a significant proportion of 

patients. The high rate of pre-hospital anti-malarial (and antibiotic) use supports the 

suggestion that a substantial number of true diagnoses are being missed (47) and that 

many of these cases of missed diagnoses die in the community prior to appropriate 

investigation in hospital. (169). Meningitis may represent a significant proportion of 

these missed diagnoses.

Symptoms associated with cryptococcal meningitis are similar to those seen in 

bacterial meningitis although presentation is usually more insidious and headache a 

prominent feature (15). Nonetheless, it may occasionally be fulminant, and neck 

stiffness and altered mental status are well recognised features (170). Twenty 

patients (4%) in our trial had proven cryptococcal meningitis. Half of these fulfilled 

CSF criteria for ‘probable bacterial meningitis’ and were included in this category 

for the analyses. It is possible that some or all of these patients had dual CNS 

infections although there is no direct evidence to support this.

TB meningitis also tends to present over a longer time course than bacterial 

meningitis but has similar clinical features. In developing countries, it is strongly 

associated with HIV infection (15; 171). Except in a minority of cases in which the 

diagnosis of TBM may be suggested by the presence of retinal tubercles on 

fundoscopic examination, TB meningitis cannot be distinguished from other forms of 

meningitis on clinical grounds alone. During the time course of this trial, a diagnosis 

of TB meningitis was made in 282 patients. Only 7 patients with a final diagnosis of
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TB meningitis were randomised in our study. All were randomised on the basis of 

turbid CSF at admission.

Viral meningitis presents with milder symptomatology than bacterial meningitis and 

is usually self-limiting. In our experience, viral meningitis in Malawi is an 

infrequent diagnosis in patients for whom admission is considered necessary 

although confirmation of the diagnosis is almost impossible outside the context of a 

research project. In 2000, it was estimated that 3.6% of adult patients with 

meningitis had a viral aetiology (4).

Even though the diagnosis of bacterial meningitis can not be established on clinical 

features alone, the absence of fever, neck stiffness and altered level of consciousness 

has in previous reports been shown to excludes the diagnosis with a sensitivity of 

99% (150;160). In our study, 97% of patients with proven or probable bacterial 

meningitis had at least one of these features. Amongst those with proven bacterial 

meningitis, this figure rose to 98%. This exclusion test may be of importance in 

reassuring clinicians to direct investigations to alternative diagnoses and in the 

context of epidemics where treatment facilities might become overwhelmed unless 

such criteria are rigorously applied.

Several factors predispose to bacterial meningitis. Prosthetic device associated 

meningitis is relatively common in the West. None of our patients had prosthetic 

material in the CSF space and none had a prior history of neurosurgery. Twenty two 

patients (5%) had a history of either recent head injury or localised infections such as 

otitis media or periorbital cellulitis which might have predisposed to bacterial

139



meningitis. In a descriptive study from Europe, 25% of patients with proven 

bacterial meningitis had a concomitant diagnosis of otitis media (168). It is not clear 

whether localised infection predisposing to bacterial meningitis is truly less common 

in Africa as compared to Europe, but this would seem unlikely on epidemiological 

grounds. The difference may be due to poorer ascertainment in Malawi or due to 

variation in the definition for otitis media.

Only two patients in our trial were reported to be diabetic at admission although 47 

had hyperglycaemia at the time of admission. None of the patients with admission 

hyperglycaemia required continuing hypoglycaemic therapy. We therefore presume 

that admission hyperglycaemia was a stress response in the vast majority of these 

patients. In the context of the steroid trial, the observation of admission 

hyperglycaemia was important since it was necessary to determine the incidence of 

dexamethasone-induced hyperglycaemia as an adverse event. Hyperglycaemia 

arising de novo during the steroid intervention period was detected in only 5 patients, 

2 of whom were allocated to the placebo arm. Hyperglycaemia during acute 

bacterial meningitis is therefore more likely to be physiological than iatrogenic.

Patients with proven bacterial meningitis were more likely to have objective signs of 

sepsis (tachycardia and fever) than patients with probable bacterial meningitis. 

Although S. pneumoniae was the commonest organism isolated, chest symptoms and 

chest signs were no more common in patients with this organism as compared to 

patients with other organisms. Patients with proven bacterial meningitis had a lower 

admission GCS and their CSF biochemistry was more likely to show classical 

findings associated with bacterial meningitis (low glucose and high protein) as
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compared to patients with probable bacterial meningitis. These features, combined 

with the diagnostic difficulties outlined above, suggest that a proportion of cases of 

‘probable bacterial meningitis’ (defined by CSF characteristics) may in fact have 

been due to alternative agents such as cryptococcus or tuberculosis.

Patients with proven pneumococcal meningitis were more likely to have severe 

disease than patients with proven bacterial meningitis due to other agents as 

evidenced by the greater proportion of patients with fever, reduced GCS, cranial 

nerve palsies, raised peripheral white cell count and abnormal CSF biochemistry.

Pre-hospital treatment was common. As discussed above, the primary importance of 

this observation lies in its implication that initial diagnosis is frequently mistaken and 

that it is associated with a delay in presentation to hospital. However, pre-hospital 

treatment also impairs diagnostic accuracy by reducing Gram stain and culture 

positive CSFs, and by interfering with antimicrobial sensitivity testing; CSF and 

blood cultures taken from meningitic patients who are on antibiotics are more 

frequently negative than in patients who have no recent history of antibiotic 

exposure.

Pre-randomisation care was more common amongst patients with probable bacterial 

meningitis than amongst patients with proven bacterial meningitis (76% and 59% of 

patients respectively). This difference may simply reflect the relative severity, rapid 

progression and consequent earlier presentation of pneumococcal disease. By 

definition, patients with probable bacterial meningitis were more likely to have non- 

bacterial disease such as cryptococcal or tuberculous meningitis. Patients who had
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received pre-randomisation oral antibiotic therapy or anti-malarial therapy had a 

significantly longer history than did patients who had no pre-randomisation 

antimicrobial therapy, with an average delay of over 30 hours to presentation. By 

contrast, patients who had received parenteral antibiotics prior to randomisation did 

not have a significantly longer history than patients who did not have pre-hospital 

antibiotic therapy; all except 7 of these 95 patients had received parenteral therapy 

having been admitted to QECH but prior to establishing the diagnosis of bacterial 

meningitis. Patients were presumably started on empiric therapy for sepsis and 

subsequently considered to merit a lumbar puncture.

Although both oral antibiotic therapy and IV antibiotic therapy prior to 

randomisation significantly reduced the CSF Gram stain and culture positivity rates, 

Fansidar did not. The sulphadoxine component of Fansidar has a long half life and is 

known to achieve CSF levels of approximately 25% of serum when the meninges are 

inflamed (172) but bacterial resistance is common and pneumococci are generally 

not susceptible. This may explain the lack of effect of Fansidar on culture positivity 

rates in this trial.

As with many reports of bacterial meningitis in adults, S. pneumoniae was the most 

common isolate identified. What differs from studies in Europe and North America 

is the high prevalence (44% of those tested) of serogroup 1 pneumococcus. 

Serogroup may be an indicator of invasive disease as opposed to carriage. In a meta 

analysis of 7 studies detailing carriage and invasive disease, serogroups 1, 5 and 7 

were 60 times more invasive than groups 3, 6A and 15. There was also an inverse 

correlation between carriage and invasive disease for the serogroups considered
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(173) . The studies in this meta-analysis included trials from North America, Africa, 

Europe, Iceland and the Pacific Islands. Serogroup may also be an important 

determinant of disease severity and mortality. In Denmark, serogroup 1 was 

associated with a lower case fatality than was serogroup 3 (3% vs. 23% respectively)

(174) . Serogroup 1 pneumococcus is common in Africa and has been associated 

with epidemics of invasive disease in West Africa (175). Penicillin resistance (as 

determined by disc diffusion) amongst pneumococcal isolates in our study was low 

and was demonstrated predominantly in sergroups that have previously been 

associated with resistance (serogroups 6, 14 and 19) (176). No penicillin resistance 

was identified in serogroup 1 isolates. Serogroup 1 is not however represented in the 

7 valent vaccine and, particularly where epidemics may occur, this could have 

serious limitations on vaccine control strategy. In our study, the currently available 

heptavalent vaccine would cover 20% of serogroups identified from our patients. If 

serogroup 1 and 5 were included in the conjugate vaccine, as has been suggested as 

essential for Africa (177), coverage would have increased to over 65% of this cohort.

The most pertinent risk factor for invasive pneumococcal disease (IPD) in this study 

is HIV infection. In North America, the incidence of invasive pneumococcal disease 

amongst HIV positive individuals was shown to be 803 per 100 000 person years as 

compared to 35 per 100 000 person years in the HIV negative population (12). Other 

risk factors for IPD include diabetes, chronic cardiac, pulmonary, liver or renal 

disease, solid organ transplants, other forms of immunosuppression and age < 2 or > 

65 years. Very few of our patients fitted into any risk group for IPD except for HIV 

infection.
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Laboratory investigations in our trial were limited to blood culture, flail blood count, 

malaria film and CSF microscopy and culture. A minority of patients had CD4 

counts measured. Very few had any biochemical tests except for random blood 

glucose by near patient testing. Blood cultures were positive in 32% of all recruited 

patients. This is lower than the 50 to 75% figure reported from trials in developed 

countries (6;39;150), but similar to the figure reported (29%) from Vietnam (49). 

Both the Malawi trial and the Vietnamese trial reported a high proportion of patients 

who had been treated with antibiotic therapy prior to randomisation, a factor which 

likely explains in part the difference between these trials and those from Europe and 

America. Similarly, Gram’s stain positivity of CSF was lower in our trial than in 

reports from developed countries (53).

The peripheral white cell count tended to be higher in patients with proven bacterial 

meningitis than in patients with probable bacterial meningitis. Furthermore, a higher 

proportion of patients with probable bacterial meningitis had an abnormally low 

white cell count (< 4 x 109 / L). This suggests that a proportion of patients 

designated probable bacterial on the basis of CSF appearance or white cell count 

meningitis in fact had viral, TB or cryptococcal meningitis. Platelet count tended to 

be lower in proven bacterial meningitis as compared to probable bacterial meningitis.

CSF white cell count has previously been suggested as an important prognostic 

indicator, higher CSF white cell count being associated with better outcome (150). 

In our study, a greater proportion of patients with proven bacterial meningitis had a 

CSF white cell count of > 1000/mm3 than patients with probable bacterial meningitis
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and patients with high white counts had a marginally better outcome than patients 

with a low CSF white cell count.

6.2 Steroid and ceftriaxone trial

The greatest burden of bacterial meningitis in adults occurs in developing countries 

where mortality rates are high. If effective, steroid adjuvant therapy would represent 

an affordable and appropriate intervention. The results of our study show that, in a 

setting where the majority of patients are likely to have advanced HIV infection, 

where presentation tends to be late and where Streptococcus pneumoniae is the 

predominant pathogen, dexamethasone adjuvant therapy for bacterial meningitis in 

adults confers no mortality or morbidity advantage at 40 days.

The results also show that, in this population, adjuvant steroid therapy has no effect 

on the rates of hearing loss, disability or death at 10 days, 40 days or 6 months from 

enrolment.

The clear negative findings from this study were similar to those of large trials in 

children with meningitis in Malawi (50), Finland (178) and in South America (51) 

which demonstrated no survival advantage with steroids. On the other hand, the 

results of our trial contrasted with those of a European trial of steroids in 301 adults 

with meningitis which showed an overall reduction of mortality from 15% to 7% at 8 

weeks (p 0.04) (6). The benefits of steroids in this trial were most marked in 

pneumococcal meningitis.
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Overall mortality in our trial (54.2%) was substantially higher than in industrialised 

settings but was typical for a low resource setting in sub-Saharan Africa. It was 

lower than in previous studies in Malawi (4,5), possibly due to the use of ceftriaxone 

(rather than penicillin and chloramphenicol) and the effect of improved care as a 

result of being in a clinical trial. Mortality at 40 days from randomisation was 

significantly higher in patients with probable (65%) as compared to proven bacterial 

meningitis (50%). This again raises the possibility that some cases of ‘probable 

bacterial meningitis’ may in fact have been due to other agents such as cryptococcus 

or tuberculosis and therefore unlikely to respond to the antibiotic therapy used. Such 

cases may be aggravated by use of steroid adjuvant therapy in the context of 

inappropriate antimicrobial therapy as suggested in the report of the Vietnam trial in 

trying to explain the excess mortality in the steroid treated patients with probable 

bacterial meningitis (49). In our trial, mortality amongst those with probable 

bacterial meningitis was similar in the steroid and the placebo treated patients.

Several differences in the study populations, alone or in combination, may explain 

the disparity between results from Malawi and elsewhere. In the current trial 90% of 

patients were HIV positive and the majority were likely to have had advanced 

disease. Whilst HIV status was not reported in the European study it is likely that the 

proportion of HIV positive patients was much lower. HIV is a risk-factor for 

developing invasive pneumococcal disease (179) and, although our study suggests 

that HIV is a significant predictor of mortality, it has previously been suggested that 

outcome from meningitis in HIV infected patients is better than for HIV negative 

patients (18). It is possible that, since patients with HIV already have an attenuated 

host response, steroids may not confer any additional advantage. As only 45 patients
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in the current trial were known to be HIV negative we were unable to test this 

hypothesis, although it would be consistent with the point estimates for mortality 

amongst HIV-negative (OR 0.74) compared to HIV-positive patients (OR 1.23).

There are many barriers to accessing healthcare in sub-Saharan Africa and 

presentation is often delayed. Experimental evidence suggests that steroids are only 

effective if given early in the disease. Median length of history in the current study 

was 72 hours compared to 24 hours in the European study. Could such a delay in 

initiating therapy explain the apparent lack of benefit of steroids? In our trial, 

delayed presentation was indeed associated with a poorer outcome but adjusting for 

length of history in the analysis had no significant effect on outcome with respect to 

steroid therapy. A trial amongst adults with bacterial meningitis in Vietnam reported 

similar delays in presentation but showed a mortality benefit in steroid treated 

patients who had proven bacterial meningitis. The overall mortality in this study 

was less than 10% and the most common organism isolated was S. suis which carried 

a mortality of less than 3% (49). Clearly, time to presentation is not the only factor 

dictating efficacy of steroid adjuvant therapy.

Pneumococcal meningitis accounted for 36% of cases in the European study and 

yielded the greatest benefit from steroid adjuvant therapy. In our trial, pneumococcal 

disease accounted for 59% of cases but did not benefit from steroids. It seems 

unlikely therefore that the organism mix explains the difference between the results 

of these two studies. We had insufficient numbers to perform reliable sub-group 

analysis for other organisms but it is notable that comparable trials have not shown 

benefit of steroids in meningococcal meningitis.
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Recent prior exposure to antibiotic therapy was not an exclusion criterion as this 

would have made the study non-representative of African practice. Although there is 

a theoretical argument for giving steroids prior to antibiotics, there is no clear 

evidence that steroids have no benefit if given later. In our trial, 37% of patients had 

received antibiotic therapy (or Fansidar) within the 48 hours prior to randomisation. 

Thus, the majority of patients in our trial did not receive antibiotics prior to 

recruitment and analysis restricted to these patients did not show any advantage of 

steroid therapy. In the Vietnam trial, 61% of patients had received pre-hospital 

antibiotic therapy. Given that Vietnamese patients with proven bacterial meningitis 

derived outcome benefit from steroids whereas Malawian patients did not, it appears 

unlikely that the timing of antibiotic therapy with respect to steroids has a defining 

effect on the efficacy of steroid adjuvant therapy.

The general health of individual participants, for example as evidenced by the 

admission haemoglobin on 10.4 g/dl, in Malawi was likely to be substantially lower 

than that in the European study. The intensity of available medical assistance was 

inevitably lower. Such factors almost certainly contribute to the higher mortality 

reported in Malawi but cannot necessarily explain the lack of benefit from steroids.

Given the mean weight of adult males in Malawi is 60 Kg (180) as compared to 

80.6kg in Europe (181), the dexamethasone dosing schedules used in the Malawi 

study and the European study (16mg BD and lOmg QDS respectively) reflected an 

equivalent total daily dose-for-weight. This, coupled with the long biological half- 

life of dexamethasone, suggest that the difference in dosing regimens between the
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studies is unlikely to account for differences in the results between these studies. 

The dosage regimen used in the Vietnam trial was similar to that used in Malawi 

save for the fact that the total daily dose was adjusted for the patient’s weight.

Could the lack of effect of steroids in our trial be due to defective dexamethasone or 

due to random errors in the treatment allocation procedure? The drug was donated 

by a company with FDA approval for product distribution in the USA. Two batches 

of the drug were submitted to and passed by the London School of Hygiene and 

Tropical Medicine for quality assurance with respect to both content and stability. 

Thirdly, a graph of temperature against time for all patients recruited to the trial 

clearly demonstrates that patients treated with dexamethasone have a more rapid 

defervescence compared to those treated with placebo. This implies that patients 

allocated to the steroid arm were receiving an active drug and that the randomisation 

procedure was robust. Only 3 patients had steroid therapy added to their therapy on 

clinical grounds; in all cases this occurred after completion of the first 4 days of 

treatment (i.e. per protocol steroid / placebo duration).

Could we have missed an effect of steroid therapy on account of excess numbers of 

early and ‘inevitable’ deaths? The Kaplan-Meier plot shows that the majority of 

patients who died did so early in the course of their admission. Approximately 60% 

died during the first four days of therapy. Given that many patients presented late in 

the course of disease, it is theoretically possible that many deaths were inevitable, 

regardless of the level of intervention. An analysis restricted to those who survived 

to 24 hours of admission failed to show any subsequent survival benefit of steroids 

with mortality at 40 days being 43% in the steroid treated patients and 39% in the 

placebo group.
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6.2.1 Adverse events and side effects

Although gastrointestinal bleeding is a well recognised complication of steroid 

therapy, no steroid adjuvant trial for bacterial meningitis in adults has shown an 

excess of this in the steroid arm. During our trial, only one patient had clear 

evidence of GI bleeding. The patient had been randomised to the placebo arm.

Hyperglycaemia is also common in patients treated with steroids. In our trial 

however, de novo hyperglycaemia during treatment was no more common in the 

steroid arm as compared to the placebo arm.

Steroids are immunosuppressive and therefore have the potential to unmask latent 

infection. We were concerned particularly about the possible effect of steroid 

therapy on a population with a high prevalence of tuberculosis. We therefore looked 

carefully for signs of active TB at all follow up visits. We were unable to use 

radiological screening due to the lack of reliable x-ray facilities and a shortage of 

film. In the event, we did not detect any excess of active disease as determined by 

symptomatology in patients treated with dexamethasone as compared to patients who 

received placebo. The incidence of varicella zoster and of herpes simplex infection 

were similarly unaffected by use of steroids.

These findings suggest that, in this population, a 4 day course of dexamethasone as 

adjuvant therapy for bacterial meningitis is not associated with significant side 

effects or adverse events.
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Mortality due to adult bacterial meningitis in Malawi was high. Although we did not 

have access to post mortem examinations or sophisticated imaging techniques, we 

estimated that the vast majority of patients in our study died directly as a result of 

meningitis and that few patients died from systemic complications of sepsis. Other 

studies have also found that death due to systemic complications of bacterial 

meningitis is rare in young patients (130;182). In the European trial, a post hoc 

analysis suggested that the benefit shown with steroid adjuvant therapy was due to its 

effect on reducing mortality due to systemic complications such as septic shock and 

respiratory distress syndrome (123). Previous trials have shown variable results 

with low dose steroids in septic shock. One study showed mortality benefit with 

short course therapy (183) although a meta-analysis failed to confirm this (184).

Of the pre-defined variables which we used in the regression model for all patients 

recruited to the steroid trial, advanced age, anaemia, prolonged history prior to 

admission and low GCS were found to be associated independently with mortality. 

Of these, only low GCS remained independently associated with mortality amongst 

patients with proven or probable bacterial meningitis. In an extended model 

however, respiratory signs and symptoms, low peripheral white cell count, high 

platelet count and low CSF white cell count at admission were also predictive of 

poor outcome. Similar features were identified as prognostic features amongst 696 

cases of proven bacterial meningitis in Europe (150). The authors of this study 

suggest that age, otitis media and pneumonia represented covariates of pneumococcal

6.2.2 Mortality
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infection. In our study, pneumococcal meningitis did not have a higher mortality 

than non-pneumococcal meningitis. Furthermore, chest signs and symptoms were 

not more common amongst patients with pneumococcal meningitis. In a study only 

of patients with pneumococcal meningitis in Europe, the presence of pneumonia was 

not associated with unfavourable outcome (130). It may be that, rather than 

pneumonia being an indicator of pneumococcal disease, respiratory signs and 

symptoms are merely markers of sicker patients with systemic compromise or 

possibly risk of aspiration.

The association of a low CSF white cell count and poorer outcome has been 

described previously (39; 182). In animal studies of pneumococcal meningitis, low 

cellularity of the CSF has been associated with a high organism load and intracranial 

complications (185). In our study, this relationship may represent excessive bacterial 

growth in the context of impaired host defence due to immunodeficiency. We did 

not quantify bacterial load and we had too few HIV negative patients to investigate 

any association between CSF cell count and HIV status so were unable to test this 

hypothesis. A similar explanation may be appropriate for the finding that a low 

peripheral white cell count is a poor prognostic factor. A low peripheral white cell 

count has previously been found to be a significant prognostic marker in patients 

with pneumococcal meningitis on univariate analysis only (130) and in all types of 

bacterial meningitis on multivariate analysis (150).

The Glasgow Coma Score has been found to be predictive of outcome in many 

studies (49; 130; 150; 182; 186) and it was found to be the most significant predictor of 

outcome in our study.

152



6.2.3 Ceftriaxone levels

CSF penetration of ceftriaxone for the treatment of bacterial meningitis has been 

demonstrated to be adequate in both adults and in children (187-189) and is 

unaffected by administration of steroid adjuvant therapy (140; 141). In children, 

intramuscular ceftriaxone therapy results in adequate CSF levels (46). The results of 

our study broadly concur with these findings and additionally demonstrate that 

intramuscular therapy in adults results in adequate CSF penetration of ceftriaxone 

irrespective of the use of adjunctive steroid therapy. Although trough serum levels 

of ceftriaxone following IM administration were higher in patients treated with 

intravenous as compared to intramuscular ceftriaxone, and peak CSF ceftriaxone 

concentration was higher in placebo treated patients than in steroid treated patients, it 

is unlikely that either of these findings is of clinical relevance since peak CSF 

ceftriaxone level exceeded the highest MIC measured by more than ten fold in all 

patients. More importantly, outcome in patients treated either with IM ceftriaxone or 

with placebo was no worse than patients treated with IV ceftriaxone or 

dexamethasone and there was no evidence of any interaction between the two 

interventions.
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6.2.4 Steroid and ceftriaxone trial conclusions

The findings of this study of adjunctive dexamethasone therapy for bacterial 

meningitis are based on 249 deaths, as compared to 32 in the European study, and are 

unlikely to be chance findings. Practice in the industrialised North has now shifted 

to giving steroid adjunctive treatment to adults with bacterial meningitis. The 

negative results of our study do not challenge the use of adjuvant steroid therapy in 

industrialised countries, but suggest that the evidence for their benefit from a 

European trial cannot be extrapolated to the very different setting of sub-Saharan 

Africa. The implications for HIV-positive adults with pneumococcal meningitis 

outside Africa or those on antiretroviral therapy are unclear but this study shows no 

evidence of harm associated with the use of adjuvant dexamethasone therapy.

The results demonstrate that intramuscular administration of ceftriaxone achieves 

adequate CSF penetration which results in levels which are not different to those 

achieved following intravenous ceftriaxone. Survival in patients treated with IM 

ceftriaxone is not inferior to IV ceftriaxone. The results suggest that IM ceftriaxone 

is a safe and effective means of achieving early antimicrobial cover, for example in 

remote areas where intravenous therapy may be unavailable.
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6.3 Diagnostic score for distinguishing bacterial from TB meningitis

The Vietnam diagnostic index, designed to facilitate the early distinction of bacterial 

meningitis from TB meningitis, did not perform well in our setting. The specificities 

for diagnosing either bacterial meningitis (52%) or TB meningitis (43%) were 

unacceptably low.

There are a number of possible reasons for this finding. Seroprevalence of HIV 

amongst adults in the general population in Malawi is officially estimated at 15% in 

2004 (190) although 70% of adult medical admissions to Queen Elizabeth Central 

Hospital are HIV positive (151). These figures compare to < 0.15% in women 

attending antenatal clinics in Vietnam (191).

HIV infection significantly alters the range of possible aetiologies and the 

presentation of meningitis. The majority of patients in this study had low peripheral 

and CSF white cell counts, scoring in favour of TB meningitis in the index. Previous 

descriptive studies have shown that HIV infection does not predictably alter the CSF 

characteristics in TB meningitis (161;192).

The causes of meningitis are very different in Malawi compared to Vietnam. In the 

Vietnam study, TB meningitis accounted for 57% of cases and bacterial meningitis 

for 43%, with no cases of cryptococcal meningitis (61). Bacterial meningitis was 

much more common in our study in Malawi, accounting for 58% of cases, with 

cryptococcal meningitis and TB meningitis accounting for 22% and 19% of cases 

respectively.
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The incidence of cryptococcal disease in Blantyre is, not surprisingly, the major 

factor adversely influencing the utility of this diagnostic index in Malawi. The index 

was developed in a country with a very low incidence of cryptococcal meningitis. 

Indian Ink examination of CSF is the only test routinely available for the diagnosis of 

cryptococcal meningitis in Malawi, as is the case in most health-care settings in sub- 

Saharan Africa. Its low sensitivity means that patients with cryptococcal meningitis 

might be misdiagnosed with TB meningitis, even if the Vietnam diagnostic index 

was applied to cases only with negative Indian Ink stain in the CSF. Cryptococcal 

antigen testing provides both a high sensitivity and specificity in the diagnosis of 

cryptococcal meningitis, but at present the kits are too expensive for many 

developing countries. We anticipated that the index might have been useful to 

identify a subset of patients with either TB or cryptococcal disease who might have 

benefited from targeted cryptococcal antigen testing, but in the event, half of the 

patients with bacterial meningitis would also have been misclassified. A major 

factor in determining this misclassification was the delay in presentation of patients 

with bacterial meningitis in Malawi, a long history favouring the diagnosis of TB 

meningitis in the Vietnam diagnostic index. Further factors contributing to the poor 

performance of this algorithm in Malawi include the low mean age of patients with 

bacterial meningitis and possibly also the fact that black Africans have a lower 

median peripheral white cell count than Caucasians (193). For both of these factors, 

the Thwaites index may result in the overrepresentation of TB meningitis even in the 

absence of HIV infection. A recently published evaluation of the diagnostic index in 

Vietnam demonstrated that among 24 patients who did not have a final diagnosis of 

TB meningitis or bacterial meningitis, the majority were incorrectly classified as 

having TB meningitis by application of the diagnostic index (194).
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The major limitations of the study were that some data were collected 

retrospectively, and that a large proportion of patients had to be excluded due to 

uncertainty of the final diagnosis or due to insufficient data to apply the diagnostic 

index. The presumptive diagnoses for the patients who could not be included 

suggests that the prevalence of cryptococcal meningitis was higher in this group 

(22%) than in the study group where a definitive diagnosis could be made (14%), 

suggesting that results of this study are likely to overestimate the accuracy of the 

diagnostic index. Limitation of laboratory facilities precluded use of some of the 

laboratory tests used in the Vietnam diagnostic criteria.

6,3,1 Diagnostic scoring system conclusions

Our data suggest that the Vietnam diagnostic index, which is simple to use and 

clinically appropriate in a low HIV-prevalence setting, is not applicable to patients 

with meningitis in Malawi due to its low specificity. HIV infection and late 

presentation to hospital are likely to be the major factors contributing to its poor 

utility. This finding is of relevance to other countries with a high prevalence of HIV 

infection, especially in southern Africa.

6.4 Cytokine study

Cytokines were assayed in a subset of patients recruited to the SAM trial. The 

selection criteria for patients in the cytokine study excluded those admitted at night 

and over the week end whose CSF and serum could not have been processed and 

frozen within 2 hours of receipt. There is no evidence that this selection procedure
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introduced any bias as the distribution of organisms and the base line characteristics 

when comparable to the steroid trial as a whole.

Do cytokines independently predict for outcome?

Inflammation in the sub-arachnoid space during acute bacterial meningitis is 

associated with elevated levels of cytokines when compared to either normal controls 

or inflammation resulting from viral meningitis (195). Evidence suggests that the 

magnitude of the inflammatory response and consequent change in permeability of 

the blood brain barrier is related to the concentration of pro-inflammatory cytokines 

in the CSF (196) and that high levels of some of these cytokines are associated with 

adverse outcome (197;198). Specifically, high level expression of TNFa and IL1 has 

been shown to predict mortality and disability in some studies (197-202) but not in 

others (203-206). Furthermore, naturally occurring or synthetic therapeutic 

antagonists to IL1 and TNFa may be associated with recovery (207;208). Both in 

vitro and in vivo studies have shown IL1 and TNFa to be both neuro-toxic and 

neuro-protective (209) and, in patients genetically predisposed to produce low levels 

of TNFa (and high levels of IL10) in blood, there was a markedly increased 

mortality rate associated with meningococcal disease (210). Despite these multiple 

contradictory findings, therapeutic intervention with both anti-TNF and anti-ILl 

have long been proposed to be useful in severe sepsis (211), although large trials 

have so far have either failed to prove their benefit (212) or have shown very modest 

benefit which may not be clinically relevant (213). IL10 is one of the principal anti 

inflammatory cytokines. Several studies in mice suggest that its expression is 

associated with a lower incidence of death and neurological sequelae (195;214;215).
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However, a predominantly anti-inflammatory profile has been associated with the 

development of more severe disease in meningococcal disease (216) and high levels 

of IL10 (and IL6) have been associated with poorer outcomes in both HIV negative 

neonates (217) and in HIV positive children with pneumococcal meningitis in 

Malawi (218).

Our data support the finding that high level expression of the pro-inflammatory 

cytokine TNFa is associated with poor outcome in proven bacterial meningitis but do 

not show any statistically significant effect for IL1. Levels of IL8, another pro 

inflammatory cytokine, concerned principally with neutrophil recruitment, were 

significantly higher in patients who died than in those that survived. As far as we are 

aware, this association has not been demonstrated previously in patients with 

meningitis or other forms of sepsis, although high levels of IL8 have been associated 

with CSF white cell count (202). IL8 was not found to correlate with disease 

severity in streptococcal sepsis (219).

From the discussion above and from the results of this study, it seems likely that the 

distinction between the protective and deleterious effects of the cytokine cascade is 

dependent upon multiple factors and interactions. TNF-alpha remains the most 

plausible therapeutic target but trial evidence for its benefit in the context of sepsis 

remains limited.
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Is the level o f cytokine expression related to either disease severity or length o f 

history?

Several studies have suggested that cytokine expression in bacterial meningitis may 

be usefully exploited as a diagnostic marker (125;204;220-222) but there are limited 

data relating severity of disease to cytokine expression. One study has 

demonstrated in a paediatric setting that TNFa levels are increased in those patients 

with a disturbed level of consciousness at presentation compared to patients who are 

fully conscious (205). The study was done in the context of a dexamethasone trial 

and the authors conclude that dexamethasone is effective in preventing neurological 

sequelae particularly in patients with high level expression of TNFa but not IL1. A 

study involving patients with TB meningitis in Vietnam reported high levels of IL6 

in patients with severe disease at presentation although there was no association 

between IL6 levels and outcome (223). It is possible that level of cytokine 

expression is related more to some aspect of virulence of the causative organism 

rather than to severity of disease. A study involving patients with three different 

serotypes of pneumococcal meningitis suggested that serotype was predictive of 

mortality but also dictated levels of TNF and IL8 expression (174).

Our results show an association between reduced consciousness level and high levels 

of TNF, IL6 and IL8. Although not statistically significant, there is a trend towards 

an association for IL1. Thus our results concur in part with those of others. IL6 is 

induced by TNF-alpha and therefore may simply be a covariate of TNF-alpha 

expression (212).
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We were unable to demonstrate an association between length of history and 

cytokine levels. If an association exists, it may not have been possible to 

demonstrate it on account of the small numbers involved and the difficulty in 

interpreting the start time of symptoms in individual cases. We are unaware of any 

other studies of bacterial meningitis which looked for an association between 

cytokine expression and length of history.

Are steroids demonstrably associated with a differential expression o f pro- and anti

inflammatory cytokines?

Steroids have been shown to inhibit the production of pro-inflammatory cytokines 

such as IL1, IL6, IL8 and TNF a by human monocytes (106;224-226) and microglial 

cells (227). These cytokines are present in the CSF early in the time course of 

bacterial meningitis, prior to leukocyte migration, and are therefore likely to be 

produced locally (204;205). Later in the course of the disease, cytokines are 

predominantly derived from monocytes in the inflammatory exudate, along with anti

inflammatory cytokines such as IL10 and TGF(3 which can mitigate against the 

inflammatory response by inhibiting production of pro-inflammatory cytokines 

(125).

Under certain circumstances, steroids promote the expression of anti-inflammatory 

cytokines such as IL10 in vitro (224). In experimental bacterial meningitis, IL10 

administration has been shown to reduce TNFa production and CSF inflammation 

particularly when combined with dexamethasone therapy (228).
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An hypothesis, based on this data, is that steroids may result in a differential 

expression of anti-inflammatory cytokines (IL10), and that patients expressing high 

levels of IL10 or low levels of TNFa (and other pro-inflammatory cytokines) will be 

less likely to die or develop neurological sequelae. Although this was not tested 

directly, a study in children from Japan suggested that patients exhibiting high CSF 

levels of TNF-alpha are less likely to develop neurological sequelae if given steroid 

adjuvant therapy. The same was not true for patients with high levels of IL1 or 

protein (205)

Our data demonstrate no evidence for a differential effect of steroid on pro- and anti

inflammatory cytokine expression. Similarly, steroid administration appeared to 

have no effect on change in CSF white cell count or the proportion of neutrophils, 

both of which may be taken as crude surrogates for intensity of acute inflammatory 

response. If one accepts the theory that steroids exert their effect principally via the 

cytokine cascade, these findings may not be surprising in the context of this trial 

which showed no evidence of benefit from steroids on clinical outcome. It would be 

of interest to test the same hypothesis by measuring cytokines in CSF samples from a 

trial in which steroids had been shown to be effective. Although no significant 

differences in mean change over 48 hours in cytokine levels between steroid and 

placebo patients existed, 5 out of the 6 cytokines assayed (IL1 being the exception) 

showed a greater mean change in the steroid group compared to the placebo group.
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Given the theoretical reasons for the timing of steroid adjuvant therapy discussed 

above, do patients who are pre-treated with antibiotics express higher levels of 

cytokines than patients not exposed to pre-treatment?

Experimental studies using an animal model have suggested that steroid adjuvant 

therapy is of benefit only when dexamethasone is administered before or concurrent 

with antibiotic therapy (126). This finding has not been demonstrated in human 

subjects but extrapolation from the animal studies and extension of the theoretical 

reasoning behind this observation has resulted in a consensus which probably 

precludes (on ethical grounds) a prospective clinical trial specifically designed to test 

this hypothesis.

The major stimuli of inflammation in the sub-arachnoid space in Gram positive 

bacterial meningitis are components derived principally from the bacterial cell wall, 

including peptidoglycan and lipotechoic acids (90). Theoretically, bacterial lysis due 

to (3-lactam antibiotics results in release of large quantities of pro-inflammatory 

bacterial compounds leading to an inappropriate and potentially harmful host 

response.

If pre-randomisation exposure to antibiotics could be demonstrated to be associated 

with an advanced inflammatory state, indicated for instance by high levels of pro- 

inflammatory cytokine expression, there would be robust evidence to support the 

importance of timing of adjuvant steroid therapy in relation to antibiotic 

administration. Furthermore, it might provide a sound rationale to investigate 

further the use on non-cell wall active antimicrobial therapy in bacterial meningitis 

irrespective of the deployment of adjuvant steroids (98).
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There are several studies which are particularly relevant to this discussion. Stuertz 

et al demonstrated that in pneumococcal disease, higher antibiotic concentrations 

(more than 10 times the MIC) induce the release of fewer bacterial pro-inflammatory 

compounds than occurs after exposure to antibiotic concentrations close to the MIC 

(229). In addition, it has been shown that bactericidal antibiotics from classes other 

than the p lactams result in lower levels of lipotechoic acid (230) and it has been 

suggested that this approach might provide greatest benefit to those patients with 

high bacterial load (231). In an animal model, a secondary inflammatory response 

following antibiotic therapy could be induced only in subjects with a high CSF 

organism load. The rise in TNF-alpha levels in meningitis induced by live bacteria 

was attenuated by dexamethasone given either before or up to 1 hour after 

administration of antibiotic therapy. This attenuation was not achieved when 

steroids were given after meningitis induced by bacterial cell wall extract (113).

In our trial, antibiotic exposure prior to establishing a diagnosis of bacterial 

meningitis was not associated with significantly higher levels of cytokine expression 

as compared to non exposed patients. If cytokine response is seen as a marker of the 

magnitude of inflammatory response, then our data do not support the hypothesis that 

an inflammatory burst follows treatment with cell wall active antibiotics. Implicit in 

this observation is the need to reassess exclusion criteria for steroid adjuvant therapy, 

at least in populations where it has been shown to be effective.
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Is cytokine expression dependant on organism or organism load?

Organism specific cytokine responses have been demonstrated previously. An in 

vitro model, using a human menigioma cell culture substrate, showed that N. 

meningitidis induced higher level expression of IL6 than H. influenzae, that low 

concentrations of pneumococci failed to stimulate a cytokine response and that E. 

coli caused cell death before it was possible to demonstrate a cytokine response 

(232). Based on the data derived, the authors suggest that different intervention 

strategies may be needed for different pathogens in bacterial meningitis.

In a paediatric population, CSF IFN concentration was higher in patients with 

pneumococcal meningitis as compared to patients with H. influenzae or 

meningococcal meningitis (233). Our results likewise demonstrate a strong 

association between cytokine expression and pneumococcal disease. We also 

demonstrated TNF levels to be higher in pneumococcal disease as compared to 

meningococcal disease. Neither our study nor Kornelisse et al found IL12 or IL10 

levels to be significantly higher in pneumococcal disease as compared to 

meningococcal disease. In our study, IL8 expression was highly associated with 

pneumococcal disease. We are unaware of this observation having been reported 

elsewhere.

In a paediatric population in Malawi, IL1 and IL10 expression was related to 

pneumococcal load in both blood and in CSF; higher bacterial loads and higher 

cytokine levels predicted unfavourable outcome (234). In our study, patients with 

Gram’s stain positive pneumococcal meningitis had higher CSF IL10 concentrations
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as compared to Gram’s stain negative patients, although there was no significant 

difference demonstrated for ILI expression. Given that pneumococcus elicits a more 

potent inflammatory response than the meningococcus, the high level of ILIO in 

Gram’s stain positive disease may simply represent an appropriate regulatory 

response to some unmeasured inflammatory mediator.

6.4,1 Cytokine study conclusions

Cytokines were detectable in the CSF of patients with bacterial meningitis although 

only IL6 and IL8 were detected in all patients. The cytokine response is highly 

compartmentalised, with levels in the CSF exceeding those in the serum by two or 

three orders of magnitude. We were unable to evaluate the utility of cytokine 

measurement as a diagnostic tool as we did not analyse cytokine levels in patients 

with normal CSF as assessed by microscopy or in patients who had confirmed 

diagnosis other than bacterial meningitis. TNF, IL6 and IL8 levels were higher in 

patients with impaired consciousness but were unaffected by time to presentation 

from onset of symptoms. TNF and IL8 were associated with early mortality and with 

pneumococcal infection. Antibiotic pre-treatment did not result in a higher cytokine 

concentration and steroid treatment did not result in a measurable effect on cytokine 

expression during the first 48 hours of treatment.

Our data suggest that, in terms of the inflammatory response, pneumococcal 

infection is a severe disease as compared to meningococcal infection.
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Due to the extreme variability in cytokine response between different patients and 

between different pathogens, it seems unlikely that cytokine assays will contribute to 

the diagnostic pathway. There is little to suggest that cytokine measurement will be 

of clinical use in driving intervention strategy and, in developing countries in 

particular, cytokine assays are unlikely to be helpful prognostically Outside of the 

research setting, cytokine assays contribute little to the management of bacterial 

meningitis in resource poor settings.
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CONCLUDING REMARKS

It is a sad fact that the trial such as the one described in this thesis could only be 

carried out in a country such as Malawi where need for improved management of 

bacterial meningitis is greatest but access to and availability of current standard of 

care is most limited. This randomized controlled trial of dexamethasone adjuvant 

therapy was comparable to several others in respect of design, intervention, antibiotic 

choice and follow up but was completed at one site over a period of 30 months. By 

comparison, the European trial involved 44 sites, nine years of data acquisition, 

recruited fewer patients and had a much lower mortality rate.

Sadder still is the finding that, despite the differences between the outcomes for 

bacterial meningitis in Europe as compared to Africa, there was no evidence that 

adjuvant steroids were of benefit in respect of any outcome measure in our setting.

Nonetheless, the trial has not been without benefit. Thirty five percent of patients 

admitted with bacterial meningitis to QECH prior to the start of our trial survived to 

discharge (5) whereas 49% of the patients recruited to the trial were alive at one 

month following recruitment over the course of this trial. This apparent 

improvement may be related to the use of ceftriaxone rather than penicillin and 

chloramphenicol and, partly in response to this suggestion, ceftriaxone is now 

included in the Malawi national guidelines for the treatment of bacterial meningitis. 

This change may be supported by the cost analysis which has changed considerably 

since expiry of the patent on ceftriaxone in 2005. Our own calculations suggest a 

total daily dose of ceftriaxone in Blantyre costs $1.34 as compared to $1.44 for 

penicillin and chloramphenicol. This calculation takes into account the cost of the
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drugs and the equipment needed for administration. It does not include an estimate 

for staffing, disposal of waste or adverse events all of which are likely to favour 

ceftriaxone as it is a single drug administered twice daily rather than two drugs 

administered four times daily.

The reduction in mortality from baseline may also simply be an effect of the 

enhanced observation and care that tends to associate with clinical trials. If this is 

the case, then such an advantage may be temporary but I believe that there will 

remain a model for improved care of patients, at least in the minds of some of the 

staff who were involved with the trial.

The conduct of this trial has had other spin-offs for medical practice and research at 

QECH. It has led on to a further meningitis trial which has been able to capitalise on 

the experience and equipment accumulated during the time course of this trial. The 

trial provided a mechanism of enhancing the number of nurses in the medical wards. 

Trial nurses provided daily care for patients in 40 bed spaces, regardless of diagnosis, 

the minority of whom had bacterial meningitis. Through an employment package 

designed to avoid attracting nursing staff from the ministry of health, we managed to 

recruit all of our nurses from the retired population. The trial nurses therefore 

enhanced the care for all adult medical patients in the host institution without cost in 

kind or number to the hospital. All staff with the trial also had an opportunity to 

enhance their own prospects following the completion of the trial and two clinical 

officers have gone on to additional training, one in medicine and the other in medical 

education.
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The findings of this study confirm that bacterial meningitis in this setting is common, 

frequently associated with HIV, presents late and carries a high mortality. The high 

proportion of patients in our trial who had received pre-hospital antibiotic or anti- 

malarial therapy suggests that diagnostic assessment in the community or at the 

referring centre was suboptimal. Improving the recognition of symptoms suggestive 

of bacterial meningitis might be achieved through an educational programme in rural 

districts and urban health centres. It might also be possible to improve public 

awareness of the disease through media campaigns and education. Far more 

important however, is the difficulty in accessing appropriate and timely treatment. 

This clearly is a socio-political issue beyond the remit of this thesis. However, in the 

context specifically of bacterial meningitis, our trial has shown that intramuscular 

ceftriaxone is non inferior to intravenous ceftriaxone; this finding may provide a 

means of achieving early and effective therapy in situations where IV therapy cannot 

be administered. Critically, patients with suspected bacterial meningitis who present 

to rural health centres could be started on treatment prior to referral to hospital.

Diagnosis of bacterial meningitis is not straight forward even in well equipped 

environments. Several scoring systems have been developed and are aimed 

specifically at helping to overcome this difficulty. We assessed one such system 

which involves the assessment of 5 simple parameters and which has been shown to 

be useful in distinguishing bacterial and tuberculous meningitis in Vietnam and 

Turkey. Unfortunately, the high incidence of HIV related cryptococcal meningitis 

and the late presentation of bacterial meningitis in Malawi render this diagnostic tool 

of little value in our setting.
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We attempted to find a link between steroid adjuvant therapy and its effect on the 

inflammatory response as measured by cytokine expression. It is unsurprising that in 

a trial which showed no benefit of steroids we were not able to demonstrate an 

association but nor were we able clearly to identify any clinically useful applications 

for cytokine analysis in this setting.

The primary conclusion from our study is that there is no evidence for the routine 

inclusion of steroids in the management of adult bacterial meningitis in resource poor 

areas in Africa where a substantial proportion of patients are likely to be HIV 

infected. Until alternative adjuvant therapies prove effective or appropriate vaccines 

become widely available (235), mortality from bacterial meningitis in such settings is 

likely to remain unacceptably high.
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APPENDIX 1: DATA ENTRY FORM

1

QECH Meningitis Trial. Study No:

Ist Name................................  2nd Name..........................

Sex: M/F. Age: (Exclude if < 16yrs) DOB: /

Inclusion Criteria
CSF criteria (one or more of the following): &/OR
□  Cloudy CSF and the patient requires 

immediate treatment.
□  >100 white cells / pi of CSF, >50% neutrophils
□  Bacteria seen on Gram stain of CSF

Front Sheet

Admission Date: / / . Time:

f  >
Clinical criteria (>three of the following for < 7/7):
□  Head ache □  i  Consciousness

4 □  Neck pain/stiffness D Confusion V
□  Fever Ü Fits
□  Photophobia O Rash

ID  Other.....................  □  Other.

Exclusion Criteria
□  Cryptococcus □  Presumptive TBM □  Steroids in previous 48 hrs □  Age < 16

Randomisation Date: /  / Randomised to: D i.m. C-Tri
Randomisation Time: O **v* C-Tri
(i.e. Point at which treatment envelope opened)

(Non trial pt : □  Standard therapy)

Consent obtained:
□  Steroid / C-Tri trial
□  2nd Lumbar Puncture
□  HIV status

Contact Details
Residential Address:
Residential Location:
Residential Tel:
(Please record precise details and directions overleaf)

Employment address:
Employment Location:
Employment Tel:
(Please record precise details and directions overleaf)

Personal Contact 1 : 
Name:
Relation:
Address:
Tel:
Location:

Personal Contact 2: 
Name:
Relation:
Address:
Tel:
Location:

Samples obtained
(Label admission samples like this ‘ SAM XXX A’ where ‘X> is the trial number of the patient)

CSF 1: □  Microbiology (MRL)

Whole blood: □  2 x plain tubes (white) for separation & storage (WT)
(20 ml min-) □  2 x EDTA (pink) for storage and FBC (WT)

□  Blood culture -  (MRL) Cl Other................................
□  MPs -(MRL) • □  Other................................
□  Random blood glucose

BEFORE 4th/ 5th dose
(Label second set of samples like this ‘SAM XXX B’ where ‘X’ is the trial number of the patient)
CSF 2: □  Microbiology (MRL)

Whole Blood: □  2 x plain tubes (white) for separation & storage (WT)
(20 ml) □  2 x EDTA (pink) for storage (WT) -  no FBC required

Outcome

Record Complete:

O Excluded from study Date: / / Reason...
O Discharge Date: / t
O Died Date: / !
O Withdrawn from study Date: / / Reason...

OYes
ONo..........Details l).

2).

3) .
4) .
5) .

□  (Tick when rectified)
□
□
□
.Q
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Is* Name.

QECH Meningitis Trial. Study No:

2"'1 Name. Contact details Sheet

Map of how to get to patients house:

Other details not recorded overleaf:
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QECH Meningitis Trial. Study No:

l 1' Name..................................... 2'", Name.. Historv Sheet

P/C and duration
□  Head ache............hrs/days
□  Neck stiffness.......... hrs/days □  Confusion........... hrs/days
□  Fever...........hrs/days
□  Photophobia...........hrs/days

□  Other.....................

□  i  Consciousness... .brs/days □  Night sweats... days
□ Cough.........days
□ SOB........... days
□  Chest pain...... days

□  Fits............. hrs/days
□  Rash............. hrs/days

□  Other.................. □  Other..

Date: / /
Time:

d □  Other

□  Diarrhoea...... .days
□  Vomiting....... .davs
□  Abdo Pain..... .days
□  Dvsuria......... .days
□ Frequency..... .days

Hx P/C:
Date of onset: / / Time of onset: Duration of illness: days; hrs.

Symptoms/ Events:

Have antibiotics been taken during this illness? OYes
ONo

Which ones? How long?

Were antimalarials taken for or during this illness? OYes Which ones? When?

Was any treatment or advice obtained from 
a traditional healer prior to admission?

ONo

Have steroids been taken in the past 48 hrs? OYes
ONo

If YES, exclude from study.

List any other drugs the patient is currently taking (e.g. ARVs, TB drugs etc).

Pre-morbid Neurology:
□  Deafness L/R Date:
□  Gaze palsy/squint Date:
□  Paresis ..............  Date:
□  Intellectual Impairment Dale:
□  Other............................

Pre-morbid GOS:
O 4 'f Fully independent with no disability 
0  3 ’-  Disabled but independent and able to work 
O 2 = Disabled - dependant on others for daily support 
O 1 = Minimally responsive

Co-existing conditions:
□  Acute diarrhoea
□  TB
□ Known epilepsy
□  Diabetes
□  HIV
□  Pregnancy
□  Ear discharge
□  Earache
□  Other...................

PiMHx: □  Meningitis (admitted) Date/s:
□ Shingles Date/s:
□  TB Date/s:
□  Pneumonia (admitted) Date/s:

□  Weight boss □  Oral thrush
n  Chronic diarrhoea >1/12 □ Recurrent vaginal thrush
□  Chronic fevers > 1/12 □  Oesophageal candidiasis
□ Peripheral neuropathy □  Kaposi’s sarcoma

Soc Hx: Married (now) Y / N 
Divorced or separated (ever) Y /N 
Widowed (ever) Y /N
No of children:...... alive

....... died

Education level reached:............................
□  Literate / □  Illiterate
Current employment:.................................
Urban / Rural
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QECH Metiingitis Trial. Study No:

1 Name.. 2“  Name.. .............Examination Sheet Date: /
Time:

O/E: is the patient orientated in □  Time , O Place and □  Person? (Tick if orientated; otherwise leave blank)
If fully orientated, assume GCS -  15 and proceed with Temp etc

Motor / pain response 
0  6 = Obeys commands 
0  5 = Localises 
0  4 = Withdraws 
0  3 = Flexes to pain 
0  2 = Extends to pain 
O 1 = No response

Verbal:

0  5 = Orientated speech 
0  4 = Confused speech 
0  3 = Inapprop; no conversation 
0  2 = Incomprehensibie/groan 
O l -  None

Temp:
Pulse:
Systolic B.P: 
Diastolic B.P: 
Resp Rate: 
Triceps fold: 
Wt:

Heart sounds:

PERLA

*c
/min
mmHg
mmHg
/min
mm
kg „

O Normal 
O Abnormal.

□  Neck stiffness
□  Kemigs +ve
□  Photophobia 

y . (enter under ‘First Dose’)

Eye Opening:

0  4 = Spontaneous 
O 3 T o speech 
O 2 “  To pain 
O 1 = None

□  KS............
□  Oral thrush
□  OHL

GCS total:

/ 15

□ Wasting
□  Funga! skin disease

Oyes

Chest: □  Crackles..............
□  Bronchial breathing........
□  Effusion................
□  Rhonchi...................
□  Other.....................

Ono- details................................ D NAD

Lymph nodes □  Cervical
□  Axillary
□  Inguinal

□  Shingles scars

Abdo: □  Tenderness......
□  Hepatomegaly..
□  Splenomegaly..
□  Ascites
□  Other.............
□  NAD

Visual acuity left 
O normal 
O reduced 
O blind
O unable to assess

Visual acuity right 
O normal 
O reduced 
O blind
O unable to assess

Fundus left:
O normal 
O papilloedema 
O unable to assess 
□ other.................

Fundus right
O normal 
O papilloedema 
O unable to assess 
□ other.................

Hearing assessment:
I.......... db R.........

□  Finger rub □
□  Whispered voice □
□  Spoken voice □
□  Shouted voice □
□  Totally deaf □
□ Unable to assess □

.db
Gaze palsies L

□ None
□  CN in  
□CNTV
□  CN VI

Gaze palsies R
□  None
□  CN III
□  CN IV
□  CN VI

Other CN palsies L Other CN palsies R
□  None □ None
□  CN V comeal □  CN V
□  CN VII □  CN VII
□  Absent gag reflex □  Absent gag reflex
□  CN XII □ CN XII

Left Arm: Right Arm: Left Leg: Right Leg:
O Normal O Normal O Normal O Normal
O Flaccid O Flaccid O Flaccid O Flaccid
O Spastic OSpastic OSpastic OSpastic

O 5 0 5 0 5 O 5
0 4 0 4 0 4 0 4
O 3 0 3 0 3 0 3
0 2 0 2 0 2 0 2
O l O 1 O l O 1
O 0 OO OO OO
O unable to assess O Unable to assess O unable to assess O unable to assess

>:0 Normal O Nonnal O Normal O Normal
O Increased O Increased O Increased O Increased
O Reduced O Reduced O Reduced O Reduced

Planters: O Down O Down
OUp OUp
O Equivocal O Equivocal
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QECH Meningitis Trial.
Study No:

1st Name. 2nd Name. Investigations Sheet

investigations: Samples obtained a t ...............(time) on / / (Date)

Hb g/dl
MCV fl
MCHC g/dl
WCC io’/i
Pit IO9/!

Admission C.D4
CD8

RBS mmol/l 

HIV testing:

Blood Culture (Lab No: 
O No growth 
O Pneumococcus 
O Meningococcus
O Other Gm Neg......
O Cryptococcus 
O Other.............

O consent given 
O consent pending 
O consent refused

MPs: O Neg
Penicillin □  s □ R O 1+
Chloramphenicol □  S □ R 0  2++
Co-trimoxazole □  s DR O 3+++
Tetracycline □  s □  R O 4++++
Gentamicin □  s □ R O Not done
Erythromycin □  s □ R
Cefaclor □  s □ R
□oxacillin □ s □  R
Ceftriaxone □ s □  R

Other investigations:

O consent refused; has previously tested positive
CSF 1:
(Lab No:......... ...........) Gm Stain
Pressure cm O No organisms
Clear o O Gm+ Diplococci
Turbid or hazy o O Gm- Diplococci

Protein ++ +++ -h -h -
O Gm -  rods 
O other...............

Glucose Neg 
WCC

Trace + ++ +++ 
mm'0 India Ink

% Pol vs % O POS (exclude)
RBC mm'J O Neg

CSF Culture Seusitivities:
O Neg Penicillin □  s □ R
O Pneumococcus Chloramphenicol □  S □  R
O Meningococcus Co-trimoxazole □ s □  R
O H. Inf Tetracycline □  s □  R
O other Gm neg Gentamicin □  s □  R
O Cryptococcus (exclude) Erythromycin □  s □  R
O other................... Cefaclor □  s □ R

□oxacillin □  s □ R
Ceftriaxone a s DR

□  s □  R

Sputum AFB
1 □  Positive
2 □  Positive
3 □  Positive
□  Not done
□  Not Indicated

CXR
I 1 Negative O Done..................  □  Normal
□  Negative □  Abnormal -  details.
□  Negative O Not done

For some patients, there will be a second t,P by consent BEFORE the 4,b or 5 “■ treatment. Others will have a second LP 
by clinical indication. Please label dearly as ‘ SAM XXX B', where XXX is the trial number of the patient
Second Lumbar Puncture □  Consent obtained

□  Clinical indication................. ..............................

Date: / / Time: of second LP —THE TIMING OF THIS M UST BE RECORDED

CSF 2: 
(Lab No:.................... ) Gm Stain
Pressure cm O No organisms
Clear o O Gm+ Diplococci
Turbid or hazy O O Gm- Diplococci

Protein + ++ +++ ++++
O Gm -  rods 
O other...............

Glucose Neg Trace+ -H- +++
WCC mm'5 India Ink
% Polys % O Pos (exclude)
RBC mm"3 ONeg

CSF Culture Sensitivities:
O Neg Penicillin □ s □ R
O Pneumococcus Chloramphenicol □ S □  R
O Meningococcus Co-trimoxazole □  s □  R
O H. Inf Tetracycline □ s □  R
O other Gm neg Gentamicin □  s □  R
O Cryptococcus (exclude) Erythromycin □  s □ R
O other................... Cefaclor □  s D R

□oxacillin □ s □  R
Ceftriaxone n s D R

□ s □  R
CSF 2 Ceftriaxone level: pg/l
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QECH Meningitis Trial. Study No:

First Dose

Date: / / Time:

........ Treatment Packet No.:....

Temp: *c □ Fits since admission
Pulse: /min □  GI bleed
BP syst: mmHg □  Rash -  description.....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids □  Other event -  details..

Second Dose

Date: / / Time:

Study Number:. ........ Treatment Packet No. :...

Temp: *C □  Fits since last dose
Pulse: /min □  GJ bleed
BP syst: mmHg D Rash -  description....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids □  Other event -  details..

Third Dose

Date: / / Time:

Study Number:. ......... Treatment Packet No.:...

Temp: *C □  Fits since last dose
Pulse: /min □  GI bleed
BP svst: mmHg □ Rash -  description....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  Ì.V. fluids □  Other event -  details.

Fourth Dose =

Date: / /

= = = T e l l  CO or doctor to assess for 2"

Time:

Study Number: ............. Treatment Packet No.:..

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □  Rash -  description...
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids G Other event -  details.

...........  □  i.m. C-Tri
□  i.v. C-Tri

(Non trial pt : □  Standard therapy)

Treatment Sheet 1

Clinical Notes / Results etc:

. .Dex / placebo given □  Yes 
□  No

Dex / placebo given □  Yes 
□  No

Dex / placebo given □  Yes 
Q No

C-Tri: □  i.m 
□  i.v

C-Tri: Di.m. 
□  i.v.

C-Tri: □ i.m. 
□ i.v.

Dex / placebo given G Yes 
□  No

C-Tri: □ i.m. 
□ i.v.

H a s  the patient consented to a second lumbar puncture? ONo OYes
Is a second Lumbar puncture clinically indicated? ONo OYes
Second LP IMMEDIATELY BEFORE 4ü'/5,b dose (trough) ONo OYes
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QECH Meningitis Triai. Study No:

1st Name................................  2nd Name.................................... □  i.m. C-Tri Treatment Sheet...... (contd)
□  i.v. C-Tri

(Non trial p t : □  Standard therapy)
FIFTH Dose —=---- -IS A Second LP due BEFORE this dose??

Date: / ( Time- Clinical Notes / Results etc:
Study Number:. Treatment Packet No. :.............. Dex / placebo given □ Yes C-Tri: □ i.m

□ No □  i.v.

Temp: *C □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □  Rash -  description.......................................
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids □  Other event -  details.....................................

Sixth Dose

Date: / / Time: Dex / placebo given □  Yes C-Tri: □  i.m.
□  No □  i.v.

Study Number:. Treatment Packet No. :............................

Temp: *C □  Fits since last dose
Pulse: /min □  G1 bleed
BP syst: mmHg □  Rash -  description.......................................
BP diast: mmHg □ Jaundice
GCS: □ Anuria
RR: /min
□  I.V. fluids □ Other event -  details.....................................

Seventh Dose

Date: / / Time:

Study Number:. Trealment Packet No.:..

Temp: *c □  Fits since last dose
Pulse: /min □  G1 bleed
BP syst: mmHg □  Rash -  description...
BP diast: mmHg □  Jaundice .
GCS: □  Anuria
RR: /min
□  i.V. fluids □  Other event -  details.

Eighth Dose

Date: / / Time:

Study Number:. ......Treatment Packet No.:...

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □ Rash -  description.....
BP diast: mmHg □  Jaundice
CCS: □  Anuria
RR: /min
□  l.V. fluids □  Other event -  details..

Dex / placebo given □  Yes C-Tri: □ i.m.
□  No □ i.v.

Dex / placebo given □  Yes C-Tri: □ i.m.
□ No □  i.v.

.........  (Should be last syringe from envelope;
Call Doctor or CO if it isn’t)
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.......... th Dose

Ist Name..........

QECH Meningitis Trial. Study No:

2"d Name.

(Non trial pt :

□  i.m. C-Tri Treatment Sheet...... (contd)
□  i.v. C-Tri
□  Standard therapy)

Date: / / Time:
Study Number:.........................

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □ Rash -  description....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /rain
□  I.V. fluids □  Other event -  details.

Date: / / Time:

Study Number:.

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □ Rash -- description...
BP diast: mmHg □ Jaundice
GCS: □ Anuria
RR: /min
□  I.V. fluids □  Other event -  details.

Clinical Notes / Results etc;
Dex / placebo given □  Yes C-Tri: □  i.m

□  No □  iv.

Dex / placebo given □  Yes C-Tri: □  i.m.
□  No □ i.v.

..........th Dose

Date: / / Time:

Study Number:........................

Dex / placebo given □  Yes C-Tri: □ i.m.
□  No □ i.v.

Temp: *C
Pulse: /min
BP syst: mmHg
BP diast: mmHg
GCS:
RR: /min
□  I.V. fluids

□ Fits since last dose
□  Gï bleed
□  Rash -  description...
□  Jaundice .
□  Anuria

□  Other event -- details.

■th Dose

Date: / /  Time:

Study Number:............................

Dex / placebo given □  Yes C-Tri: □ i.m.
□ No □ i.v.

Temp: *C
Pulse: /min
BP syst: mmHg
BP diast: mmHg
GCS:
RR: /min
□  I.V. fluids

□ Fits since last dose
□  G1 bleed
□  Rash -  description...
□  Jaundice
□  Anuria

□  Other event -  details.
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1“ Name..........

QECH Menü: 

2nd Name......................

Date: / / Time:
Study Number:..

Temp: *c □  Fits since last dose
Pulse: /min □  OI bleed
BP syst: mmHg □ Rash-description.....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids □ Other event -  details...

..........th Dose

Date: / / Time:

Studv Number:..

Temp: *C □  Fits since last dose
Pulse: /min □ Gi bleed
BP syst: mmHg □  Rash -  description.....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  I.V. fluids □  Other event -  details..

Date: / i Time:

Study Number:..

Temp: *c □  Fils since last dose
Pulse: /min □  Gf bleed
BP syst: mmHg □  Rash -  description.....
BP diast: mmHg □  Jaundice .
GCS: □  Anuria
RR: /min
□  l.V. fluids □  Other event -  details..

Date: / / Time:

Studv Number:.

Temp: *C □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □  Rash - description.....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□  l.V. fluids □ Other event -  details..

Study No:

............ □  i.m. C-Tri Treatment Sheet.
□  i.v. C-Tri

(Non trial pt : □  Standard therapy)

Clinical Notes / Results etc:
Dex / placebo given □  Yes C-Tri: □  i.m

□  No □  i.v.

..(contd)

Dex / placebo given □  Yes 
□ No

Dex / placebo given □  Yes 
□  No

Dex / placebo given □  Yes 
□  No

C-Tri: □ i.m. 
□ i.v.

C-Tri: □ i.m. 
□ i.v.

C-Tri: □ t.m. 
□ i.v.

2 0 0
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1“ Name.. 

17th Dose

QECH Meningitis Trial. Study No:

2nri Name.

(Non trial pt :

□  i.m. C-Tri Treatment Sheet...... (contd)
□  i.v. C-Tri
□  Standard therapy)

Date: / / Time: Clinical Notes / Results etc:
Study Number:.............. Dex / placebo given □  Yes C-Tri: □  i.m

□  No □  i.v.

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □ Rash -  description...
BP diast: mmHg □  Jaundice
GCS: □ Anuria
RR: /min
□  I.V. fluids □  Other event -  details.

18th Dose

Date: / / Time:

Study Number:.

Temp: *C □ Fils since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □ Rash -  description...
BP diast: mmHg □  Jaundice
CCS: □  Anuria
RR: /min
□  I.V. fluids □ Other event -  details.

19th Dose

Date: / / Time:

Study Number:

Temp: *c □  Fits since last dose
Pulse: /min □ GI bleed
BP syst: mmHg □ Rash — description...
BP diast: mmHg □ Jaundice
GCS: □  Anuria
RR: /min
□ l.V. fluids □  Other event -  details.

20th Dose

Date: / / Time:

Study Number:,

Temp: *c □  Fits since last dose
Pulse: /min □  GI bleed
BP syst: mmHg □  Rash -  description.....
BP diast: mmHg □  Jaundice
GCS: □  Anuria
RR: /min
□ i.V. fluids □  Other event -  details...

Dex / placebo given □ Yes C-Tri: □ i.m.
□  No □ i.v.

I f  pneumococcal CSF or Blood culture, 
please let Mr Chipolopolo know i f  pt. likely 
to go home soon

Dex / placebo given □  Yes C-Tri: □ i.m.
□  No □  i.v.

Dex / placebo given □  Yes C-Tri: □  i.m.
□  No □  i.v.

(Should be last dose of antibiotic; call CO or doctor to 
complete Day 10 examination and to arrange out 
patient appointment)

2 0 1
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QECH Meningitis Trial. Study No:

l“ Name................................ 2°“ Name.................................... Day 10 Sheet

Day 10 GOS: Day 10 Neurology summary:
0 4 "  Fully independent with no disability □  Deafness L/R
0  3 "  Disabled but independent and able to work □  Gaze palsy/squint
0  2 = Disabled and dependant on others for daily support □  Paresis.................
O 1 = Minimally responsive □  Intellectual Impairment

□  Fits / Convulsions... Number since admission. 
Other..................................

Day 10 Examination:

Is the patient orientated in □  Time, □  Place and □  Person? (Tick if orientated; otherwise leave blank)

PERLA Oyes
Ono- details........................................

Visual acuity left Visual acuity right Fundus left: Fundus right
O normal O normal O normal O normal
O reduced O reduced O papi Ilo edema O papilloedema
O blind O blind O unable to assess O unable to assess
O unable to assess O unable to assess □  other....... □ other..................

Hearing assessment: Gaze palsies L Gaze palsies R Other CN palsies L Other CN palsies R
I...........db R... ..... db □  None □  None □  None □  None

□  Finger rub □  □  CN ili □  CN III □  CN V corneal □  CN V
□  Whispered voice a  QCN IV □  CN IV □  CN VII □  CN VII
□  Spoken voice □  □  CN VI □  CN VI □ Absent gag reflex □  Absent gag reflex
□  Shouted voice □ a  CN Xu □  CN XII
□  Totally deaf □
□  Unable to assess □

Left Arm: Right Arm: Left Leg: Right Leg:
Tone: O Normal O Normal O Normal O Normal

O Flaccid O Flaccid O Flaccid O Flaccid
O Spastic O Spastic O Spastic O Spastic

Power: O 5 0  5 0 5 O 5
0 4 0 4 0 4 0 4
O 3 0 3 0 3 O 3
0 2 0 2 02 0 2
O 1 01 0 1 O 1
OO 00 00 OO
O unable to assess O Unable to assess O unable to assess O unable to assess

Reflexes: O Normal O Normal O Normal O Normal
O Increased O Increased O Increased O Increased
O Reduced O Reduced O Reduced O Reduced

Plantare: O Down O Down
0 Up 0 Up
O Equivocal O Equivocal

Com pleted 10 days Ceftriaxone O Yes Date: / /
O No Details................

O Discharged Date: / / Time: □  Follow up 40 days from admission Appt. date: / / Time:
□  Contact details confirmed (see front sheet)
□  Record in patients health passport
□  Inform research assistant / diary of appoin tment date

O Absconded Date: / / □  If pneumococcal, book for Tuesday followup; ask Mr Cipolopolo
to take home.

O Died in Hospital Date: / / Time:

O Remains for further treatment: (PTO for clinical details)

n otes..............................

2 0 2
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QECH Meningitis Trial. Study No:

st Name. 2,,d Name. Post day 10 in patient Sheet 
(Please use blank sheets to continue if needed)
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QECH Meningitis Trial.

One month follow up

Is* Name.....................................  2"" Name.

Study No:

One month Follow Up

O Patient died after discharge Date: / /
O Patient followed up Date: / /

Time:
Time:

Details....................
Site O Hospital 

O Home 
O Other.....

One month follow up GOS:
0  4 = Fully independent with no disability 
0  3 -  Disabled but independent and able to work 
0  2 = Disabled and dependant on others for daily support 
O I = Minimally responsive

One month follow up examination

One month follow up Neurology summary:
□  Deafness L/R
□  Gaze palsy/squmt
□  Paresis.................
□  Intellectual impairment reported by guardians
□  Fits / Convulsions ...Number since discharge...
Other..................................

Is the patient orientated in □  Time, D Place and □  Person? ("I ick if orientated: otherwise leave blank)

PERLA Oyes
Ono- details..

Visual acuity left 
O normal 
O reduced 
O blind
O unable to assess

Visual acuity right 
O normal 
O reduced 
O blind
O unable to assess

Fundus left:
O normal 
O papilloedema 
O unable to assess 
□  other.................

Fundus right
O normal 
O papilloedema 
O unable to assess 
□  other.................

Tone:

Power:

Hearing assessment: Gaze palsies L Gaze palsies R Other CN palsies L Other CN palsies R
L .........db R... ..... db □  None □  None □  None □ None

□  Finger rub □ □ CN lit □  CN III □  CN V comeal □  CN V
□  Whispered voice □ DCN IV □  CN IV □  CN VII □ CN Vlf
□  Spoken voice a □  CN VI □  CN V! □  Absent gag reflex □  Absent gag reflex
□  Shouted voice a □  CN XII □  CN XII
□  Totally deaf □
□  Unable to assess □

Left Arm: Right Arm: Left Leg: Right Leg:
O Normal O Normal O Normal O Normal
O Flaccid O Flaccid O Flaccid O Flaccid
O Spastic O Spastic O Spastic OSpastic

O 5 O 5 0 5 0 5
0 4 0 4 0 4 0 4
0 3 O 3 0 3 0 3
02 02 02 02
O 1 O 1 O 1 O 1
O 0 o o OO OO
O unable to assess O Unable to assess O unable to assess O unable to assess

s:0 Normal O Normal O Normal O Normal
O Increased O Increased O Increased O Increased
O Reduced O Reduced O Reduced O Reduced

Plantars: O Down O Down
OUp O Up
O Equivocal O Equivocal

Rook six month review annointment □ Follow up 6 months from admission Appt. date: / / Time
□ Contact details confirmed (see front sheet)
□  Record in patients health passport
□ Inform research assistant / diary of appointment date
□  Pay patient MK 200 transport money and get receipt
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QECH Meningitis Trial.

Six month Follow Up

1“ Name.....................................  2ni Name.

Study No:

Six month follow up

O Patient died after one month follow up Date: / / Time: Details...................
O Patient followed up at six months Date: / / Time: Site O Hospital

O Home 
O Other....

Six month Follow Up GOS:
0 4  = Fully independent with no disability 
0  3 = Disabled but independent and able to work 
0  2 = Disabled and dependant on others for daily support 
O 1 = Minimally responsive

Follow up Examination

Is the patient orientated in □Time, □  Place and DPe

Six month Follow Up Neurology summary:
□ Deafness UR
□  Gaze palsy/squint
□ Paresis.................
□  Intellectual Impairment
□  Fits / Convulsions .. .Number since discharge.
Other..................................

? (Tick if orientated; otherwise leave blank)

PERLA Oyes
Ono- details.

Visual acuity left Visual acuity right Fundus left: Fundus right
O normal O normal O normal O norma!
O reduced O reduced O papilloedema O papilloedema
O blind O blind O unable to assess O unable to assess
O unable to assess O unable to assess □  other....... □  other..................

Hearing assessment: Gaze palsies L Gaze palsies R Other CN palsies L Other CN palsies R
L .........db R... ..... db □  None □  None □ None □  None

□  Finger rub □ □  CN III □  CN ill □  CN V corneal □  CN V
□  Whispered voice □ □CNIV □  CN IV □ CN VII □ CN VII
□  Spoken voice □ □  CN VI DCN V) □  Absent gag reflex □  Absent gag reflex
□  Shouted voice □ □ CN XII □  CN Xll
□  Totally deaf □
□  Unable to assess □

Left Arm: Right Arm: Left Leg: Right Leg:
Tone: O Normal O Normal O Normal O Normal

O Flaccid O Flaccid O Flaccid O Flaccid
O Spastic O Spastic O Spastic O Spastic

Power: O 5 O 5 0 5 0 5
0 4 0 4 0 4 0 4
0  3 0 3 0 3 0 3
02 O 2 02 02
O l O 1 O 1 O 1
o o OO O 0 o o
O unable to assess O Unable to assess O unable to assess O unable to assess

Reflexes: O Normal O Norma] O Normal O Normal
O Increased O Increased O Increased O Increased
O Reduced O Reduced O Reduced O Reduced

Plantare: O Down O Down
O Up O Up
O Equivocal O Equivocal

□  Pay patient MK200 transport money and get receipt
NOTES: e.g intercurrent illnesses, antiretroviral therapy, fluconazole or septrin secondary prophylaxis etc
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APPENDIX 2: ADVERSE ADVENT FORM

SAE, AE and complications
SAM - QECH Meningitis Trial.

Study No:

1st Name, 2nd Name, Supplementary Sheet

1. Primary cause of death
l.ABM 2.CM 3.TBM 4.LRTI 5.ARF 6.DM
7. Other.........................

Contributory cause of death
0. None 1. Yes .........................................

2. Side effects of C-Tri
None l.Rash 2. jaundice 3.Diarrhoea 4.drug fever 5.abscess 6.other
Was this side effect 
Was this side effect

1 Possible 
1 Mild

2 Probable 
2 Moderate 3 Severe

Side effects of Dexamethasone 
None. l.Abdopain 2. GIT bleed 
Was this side effect 1 Possible 
Was this side effect 1 Mild

3. Other........
2 Probable 
2 Moderate 3 Severe

3. Herpes simplex
0. No 1. Yes D ay......... Site...

4. Pressure sores
0. No 1. Yes

5. Clinical HIV status
0. Negative ¡.Positive... 3. Uncertain 
WHO Stage (status known) 1. 2. 3. 4.
WHO Defn. for AIDS 0. No 1. Yes

6. Serious adverse event -  death or significant morbidity as a result of the trial
0. No
1. Yes............................................................................................
3. Uncertain..................................................................................

7. Pattern of clinical course
1. Rapid recovery 2 Slow recovery 3 Delayed recovery

4 Rapid demise 5 Slow demise 6 Delayed Demise
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5. up/down 6. other

8. Death
1. Expected 2. Unexpected 3. Uncertain

For unexpected deaths, give circumstances and course:

9. Protocol / Consent breach
a. Date;
b. Reason:
c. Explanation:
d. Reported: Date:

Altered Therapy
a. Date
b. Full details

CD4SAM: CD8 SAM: ie at admission

CD4 Pneuvac: CD8 Pneuvac: ie convalescent

12. Notes

...Person completeing SAE, AE and complications: 
Date: ...................................................................
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APPENDIX 3: FORM OF WORDS CONSENT - ENGLISH

Dexamethasone adjuvant therapy and intramuscular ceftriaxone in adult 
bacterial meningitis in Malawi.

The results from the examination and /or the brain fluid test (lumbar puncture) suggest 
that you / your relative have been diagnosed with bacterial meningitis.

In order to treat the meningitis effectively, we will be using an antibiotic called 
Ceftriaxone. We wish to see if the administration of the antibiotic is equally 
effective when given into the vein or into the muscle. Therefore each patient will be 
allocated one of these two ways of giving the antibiotic. We currently have no 
evidence that one method of antibiotic administration is better than the other.

We also wish to see if, in addition to the antibiotic, an additional drug called 
dexamethasone reduces the mortality and disability. In order to do this we are asking 
patients if they would like to participate in a trial comparing dexamethasone with an 
inactive compound. We call this inactive compound a placebo; it is essentially just 
water. Half of the patients enrolled will receive dexamethasone and half will receive 
placebo. Neither the patient nor the medical staff will know which of these two 
treatments is allocated to each patient. We currently have no evidence that either 
group of patients will be at a disadvantage compared to the other.

Samples of blood and of brain fluid may also be subject to a range of other tests 
relevant to the patient’s progress and to the cause, effect and treatment of meningitis in 
general.

In order to measure the antibiotic level in the brain fluid, we will also be asking if we 
can perform a second lumbar puncture after the patient has had four doses of 
antibiotic. In some cases there may be a clinical need to repeat the lumbar puncture; 
in others we will only do the test with the patient’s permission.

As part of the trial, we will be asking patients for permission to test their blood for 
HIV infection. We will not perform the test if a patient declines the test. In all cases 
the result will be confidential and will be made available only to the patient. If a 
patient consents to the test but does not wish to know the result, we will respect that 
wish.

All patients are free to choose whether they wish to take part in the trial without 
jeopardy to their care in hospital. Where patients are unable to give their consent, 
guardians or relatives will be invited to act on their behalf. Any patient who enters the 
trial will be free to withdraw at any time without affecting their right to hospital 
treatment according to the standard clinical guidelines.
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Dexamethasone adjuvant therapy and intramuscular ceftriaxone in adult 
bacterial meningitis in Malawi.

Consent to enter the clinical trial

I , ________________the patient* / legal guardian o P _________________ , hav
read and understood the above statement and agree to the enrolment in the clinical 
trial of dexamethasone and intramuscular ceftriaxone in the treatment of bacterial 
meningitis and consent to the use samples obtained for research purposes. I 
understand that this consent may be withdrawn at any time without affecting my 
right to continuing treatment.
Signed: Date:
(*Delete as appropriate)

Consent to second lumbar puncture

1 _______________the patient consent fully and freely to a second lumbar puncture
as part of the above clinical trial. The procedure and its possible side effects have 
been satisfactorily explained and I am aware that the information obtained from this 
test will be of relevance only to the clinical trial outlined above. I understand that I 
may withdraw this consent at any time without affecting my right to continuing 
treatment.
Signed: Date:
Verbal consent witnessed by legal guardian:

Name: ________________

Consent to HIV testing for the clinical trial

I _______________the patient, consent fully and freely to HIV testing. The test has
been satisfactorily explained and I have had the opportunity to discuss the issues 
around such a test with appropriate personnel.
Signed: Date:
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APPENDIX 4: FORMS OF WORDS CONSENT - CHICHEWA

KUCHIRITSA MATENDA OUMITSA KHOSI NDI MANKHWALA A 

CEFTRIAXONE NDI DEXAMETHASONE WOCHITA KUBAYA

Inu kapena mbale wanu wapezeka ndi matenda oumitsa khosi ogwira ubongo.

Tikufunanso kuona kalondolozedwe ka ceftriaxone kuti angalongosoke bwanji 
pobaila mu msempha kapena pathupi. Theka la odwala adzalandira mankhwala 
kudzela mu misempha ndipo theka lidzalandira kudzela pathupi. Odwala kapena 
dokotala/namwino sadzakhala akusankha njira imodzi yakaperekedwe ka 
mankhwalawa. Pakadali pano tilibe chikhulupiriro choti odwala a gulu ili 
ndiosapindulitsa kuposa anzao ayi.

Ife tikuyesayesa kupeza njira yatsopano yochiritsira matenda amenewa. Odwala 
onse mukafuku-fukuyu adzalandira mankhwala atizilombo toyambitsa matendawa 
otchedwa ceftriaxone. Ife tikufuna kusiyanisa ngati chithandizo china cha 
mankhwala otchedwa dexamethasone angachepetse imfa ndi kupuwalitsa ziwalo. 
Theka la odwala adzalandira mankhwala a ceftriaxone ndi dexamethasone ndipo 
theka adzalandira ceftriaxone yokhayo. Kaya odwala kapena dokotala/namwino 
adzakhala sakudziwa kuti ndi odwala uti amene adzalandire dexamethasone. 
Pakadali pano tilibe chikhulupiriro choti odwala a gulu.ili ndiosapindulitsa kuposa 
anzao ayi.

Magazi ndi madzi otengedwa munsana pa ntawi yosiyansiyana adzathandiza 
dokotola m’mene angaperekere mankhwala. Zotengedwa zizakhala zikuyesedwa 
zina ndi zina kuti zitithandize muzambiri kumvetsa za matenda oumitsa khosiwa.

Kupeza matendawa, timakayedza madzi otengedwa pa mnsana. Munthawi ina 
achipatala adzafunanso kubwereza kutenga madzi a munsana makamaka pomwe 
odwala sakupeza bwino. Munthawi ina tidzakhala tikupempha kuti titengetso 
madzi pa mnsana paodwala akalandila mankhwala kanayi kuti tiyese mankhwala 
mubongo. Sitiza bwereza kutenga madzi ngati odwala sakufuna kapena ngati kuli 
koopsa kutero.

Ngati mbali imodzi yakafukufuku, tidzakala tikufunsa zomwe mwadalapo kumbuyo. 
Odwala adzakala akufunsidwa ngati akufuna kuyezedwa HIV magazi awo. Ngati 
kotheka odwala adzakhala akulandila uphungu asanayetzedwe kachirombo. 
Sitidzayeza magaziwo ngati odwalayo adzakane. Choncho zotsatire zidzakhala za 
chinsinsi ndipo ndi odwala yekha yemwe angadzadziwitsidwe. Ngati odwalayo 
walola kuyezedwa magazi ndipo sakufuna kudziwa zotsatira, ife tidzalemekeza 
zofuna zake.

Pakatha mwezi umodzi odwala onse adzakhala akupemphedwa kubweranso 
kuchipatala kuti adzaonedwe ndi dokotala. Ichichi chidzathandiza ife kuona ngati 
palibvuto lina lililonse lokhudzana ndi matenda oumitsa khosi.

Odwala onse ali ndi ufulu osankha kulowa nawo kapena ayi mu kafuku-fukuyu 
popanda kusintha chisamaliro cha chipatala. Pamene odwala sangathe kupereka 
chilolezo, owayang’anira kapena abale awo adzaitanidwa kuti adzawasankhire 
zoyenerera. Odwala aliyense olowa nawo mu kafuku-fukuyu ali ndi ufulu kutuluka
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mopanda kukhudza ufulu wawo wolandira chithandizo cha chipatala malinga ndi 
chikhadzikitso cha malamulo a za chipatala.

K11VDMFREZA KULOWA MU KAFUKUFUKU

Ine ,............................................. odwala / m’bale wa odwala
.................................................... ndawerenga ndiponso ndamvetsetsa zomwe
zalembedwa pamwambazi ndipo ndalorera kukhala nawo mu kafukufuku woyetsera 
dexamethasdone ndi ceftriaxone mu kuchiza matenda oumitsa khosi. Ine 
ndamvetsetsa kuti kuvomereza kwangaku ndithanso kukutula pansi nthawi ina 
iliyonse mopanda kukhunza ufuilu wanga opitiliza kulandira mankhwala.

Date:.....................

KUVOMEREZA KATENGEDWA MADZI MUNSAMA KACHIWIRI

Ine, ........................................................  odwala / m’bale wa
odwala........................................................... ndavomereza momasuka ndithu
kutengedwa madzi a munsana ngati mbali imodzi yakafukufuku wanenedwa 
pamwambayo. Machitidwe ake ndi dzotsatira pamenepo, ndafotokozeredwa 
momveke bwino ndithu ndipo ndikudziwa kuti zotsatira mukuyeza kumeneku 
zidzakhala zoyenera mukafukufuku amaneyu. Ndamvetsetsa kuti ndikhonza 
katulula mu kafukufuku panthawi iliyonse mopanda kukhunza ufulu wanga wopitiriza 
kulandira mankhwala.

Date:

KUVOMEREZA KUYEZEDWA HIV MU KAFUKUFUKU

Ine, ................................................  odwala, ndikuvomereza kwathunthu ndi
momasuka kuyezedwa HIV. Ndalongosoleredwa mwa chimvekere ndipo ndili ndi 
mwayi okamba za nkhani ya kuyeza kumeneku ndi anthu okawo akhunzidwa.

Date:......................
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T R O P IC A L  D O C T O R , 2004, 34, 203-208

SUMMARY Bacterial meningitis remains an important 
cause of mortality and morbidity worldwide. Approaches 
to reducing the incidence include the deployment of 
effective anti-retroviral therapy in areas where HIV 
co-infection is common, vaccination, and prophylactic 
antibiotic therapy. Health education, improved diagnostic 
speed and capacity, and ensuring appropriate antibiotic 
therapy may improve outcome amongst patients present
ing with bacterial meningitis.

Introduction

Bacterial meningitis is amongst the top 10 causes of 
infection related death worldwide. Its incidence in 
developing countries is thought to be at least 10 times 
that of the developed world. Currently, one in 40 of acute 
medical admissions to the adult medical wards in the main 
teaching hospital in Blantyre, Malawi are due to 
meningitis. Case fatality from bacterial meningitis in 
Malawi is estimated to be 50%, rising to 67% for 
pneumococcal meningitis. By comparison, mortality 
from adult bacterial meningitis in the West is between 
10% and 30% with evidence of significant improvements 
in outcome over recent years.

This article examines possible explanations as to why 
the incidence and outcome of bacterial meningitis remain 
unfavourable in Southern Africa and looks at potential 
interventions that might address this trend.

HIV and Streptococcus pnemoniae

HIV is the single most important factor influencing the 
changing epidemiology of meningitis in sub-Saharan 
Africa. In this region, there has been an eightfold increase

in the hospital admission rate for meningitis since the HIV 
pandemic began and over 80% of adults with bacterial 
meningitis are HIV co-infected1,2. HIV infection is a 
major risk factor for invasive pneumococcal disease in 
both adults3 and in children4, but has apparently had little 
influence on the incidence of meningococcal disease5. 
Current experience from Blantyre suggests that 60% of 
adult patients admitted with a presumptive diagnosis of 
bacterial meningitis have pneumococcal infection. The 
strength of the association between HIV and invasive 
pneumococcal disease is unfortunate since pneumococcal 
disease is also the most severe form o f , community 
acquired bacterial meningitis and carries the highest 
mortality rate and frequency of neurological sequelae6. 
Compared to non-pneumococcal infection, pneumococcal 
disease in Malawi presents with a significantly lower mean 
GCS (9.8 versus 11.8; P<0.001), an indicator of poor 
prognosis (unpublished data).

Despite the strength of the association between HIV 
and invasive pneumococcal disease, outcome from a 
single episode of invasive pneumococcal disease in 
adults is unaffected by HIV status. There is evidence 
that adult patients in Europe with both HIV and 
pneumococcal meningitis do better than those who have 
a comparable pneumococal episode but are HIV 
negative7. Similarly, in patients with immunosupression 
other than that caused by HIV, the incidence of 
invasive pneumococcal disease is significantly more 
common than in immunocompetent individuals 
although overall mortality is unaffected. However, in a 
paediatric population from Africa, outcome was sig
nificantly worse and recurrent episodes of bacterial 
meningitis more frequent in HIV infected children 
compared to HIV uninfected children4.

In view of the strength of association between HIV and 
invasive pneumococcal disease, there is an urgent need to 
assess the effect of interventions to reduce the impact of 
HIV on the incidence of bacterial meningitis and, in 
particular, pneumococcal meningitis. Three such inter
ventions are considered below.

Highly active anti-retroviral therapy (HAART) is 
currently unavailable to the majority of HIV infected 
individuals in Africa. In the USA, HAART has resulted in 
a decrease in the incidence of invasive pneumococcal 
disease in patients with advanced HIV. Continuing 
promotion of public awareness and access to HAART 
remains a priority.

A second strategy might be the use of prophylactic 
antibiotics against pneumococcal disease. Daily co- 
trimoxazole prophylaxis has been shown to reduce HIV 
related morbidity and pneumococcal bacteraemia in Cote 
d’Ivoire although no such benefit was demonstrated in 
Senegal. No analysis of prophylactic antibiotics on the 
impact on pneumococcal meningitis has been reported.

A third strategy currently under investigation is 
vaccination against pneumococcal disease. Although a 
23 valent polysaccharide vaccine as primary prophylaxis 
proved ineffective in HIV infected adults in Uganda, a 
nine valent conjugate vaccine showed significant benefit in 
children in South Africa8’9. There remains concern as to 
the potential serotype coverage of currently available 
conjugate vaccines in other areas in sub-Saharan Africa. 
A trial of a seven valent conjugate vaccine as secondary 
prophylaxis in adults with a history of pneumococcal 
bacteraemia or pneumococcal meningitis is currently 
underway in Malawi.

Although this article focuses on the predominance of 
pneumococcus as a cause of bacterial meningitis in our
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setting, other bacterial causes of meningitis include 
meningococcus, Haemophilus influenzae and Gram nega
tive rods. Meningococcal meningitis periodically reaches 
epidemic proportions, particularly in the classical menin
gitis belt, which extends from Ethiopia in the east to 
Senegal in the west. It is highly probable that an effective 
and affordable vaccination campaign for this region would 
limit the occurrence or extent of epidemics. However, there 
are many problems associated with the implementation of 
such a strategy. The polysaccharide vaccine currently 
available was developed for a market in industrialized 
countries. It is relatively weak in its immunogenicity and 
therefore requires repeated dosing. The logistics of imple
menting mass vaccination programmes over such a large 
area are extremely complex and will require considerable 
political and health service commitment from not only local 
governments but also the international community. The 
World Health Organization, the Programme for Appro- 
priae Technology in Health and the Global Alliance for 
Vaccine and Immunization are currently working towards 
achieving this goal.

H. influenzae causes a significant burden of disease in 
the paediatric population, accounting for almost a third 
of cases of bacterial meningitis4. As with meningococcal 
disease, the incidence of meningitis due to H. influenzae 
does not appear to be influenced by HIV co-infection. 
Bacterial meningitis due to Gram-negative rods is 
uncommon in adults but carries a case fatality of almost 
80%2.

Although beyond the scope of this review, cryptococcal 
meningitis is the most common type of meningitis in 
Southern Africa and is almost exclusively associated with 
HIV infection. Tuberculosis meningitis also causes a 
significant burden of disease, most of which occurs in 
patients co-infected with HIV.

Delays in the initiation of therapy

It is widely accepted that early antimicrobial therapy is 
important in reducing the mortality and morbidity 
associated with bacterial meningitis although data from 
clinical trials is inconclusive. Nonetheless, the assumption 
is that delay in therapy adversely affects prognosis. Apart 
from the obvious logistical difficulties in accessing early 
health care in Africa (e.g. distance to hospital, transport 
shortages), several other factors contribute to delay in 
diagnosis and therapy.

First, there may be a delay in the community. In 
Blantyre, where the median time to presentation is 72 h, 
unpublished data suggests that over 40% of patients 
admitted with bacterial meningitis have received anti- 
malarial therapy prior to attending hospital. In view of 
the fact that both malaria and meningitis commonly 
present with similar initial symptoms (headache and 
fever), this may not be surprising. However, the standard 
treatment for malaria in Malawi is Fansidar, a sulpha- 
doxine containing preparation. Sulphadoxine is an 
antibiotic with a long half-life, which crosses the blood- 
brain barrier. It may therefore affect the presentation of 
bacterial meningitis and the interpretation of cerebro
spinal fluid (CSF) results. A further 15% of patients had 
been prescribed oral antibiotics, which may have a similar 
effect. Furthermore, about 10% have sought advice from 
a traditional healer prior to coming to hospital. The 
incidence of these prior treatments implies a delay in 
accurate diagnosis at initial presentation and conse
quently a delay in the initiation of appropriate therapy.

There is clearly a need to promote public awareness of the 
symptoms of meningitis, more aggressive diagnostic 
capacity and a higher index of suspicion of bacterial 
meningitis in patients presenting with fever.

Secondly, delay in establishing the diagnosis may arise 
after presentation to hospital if appropriate investigations 
are neglected or delayed. There may be a tendency to 
avoid performing lumbar punctures because of the 
perceived difficulty or potential risks associated with the 
procedure. In this regard, it is worth emphasizing that a 
lumbar puncture is the only investigation capable of 
establishing or excluding a diagnosis of meningitis, and of 
distinguishing between bacterial, fungal and tubercular 
meningitis: these diagnoses cannot be diagnosed or 
distinguished from history or'clinical examination find
ings alone. Without appropriate therapy, meningitis due 
to any of these three aetiological agents is almost 
invariably fatal.

The risk of complications from lumbar puncture are 
often overemphasized and need to be evaluated in the 
context of available care. A common reason given for 
‘postponing’ lumbar puncture is the risk of coning. It is 
accepted practice in the West to obtain a computerized 
tomography (CT) or magnetic resonance imaging scan 
prior to lumbar puncture in any patient with focal 
neurological signs, papilloedema or reduced level of 
consciousness. This approach is inappropriate to the 
majority of practitioners in Africa because of the lack of 
imaging facilities available. Even where imaging is 
available, coning cannot be reliably predicted by the 
presence of abnormalities on CT scan, nor can a normal 
CT scan exclude the risk of coning10. No local research 
evidence exists to provide accurate figures on the 
incidence of coning. Where no neuroimaging facility is 
available, it is probable that omitting to perform a lumbar 
puncture carries a greater risk of death as a result of 
inaccurate diagnosis, than the inherent risks associated 
with the procedure. Lumbar puncture is a minimally 
invasive investigation which, in experienced hands, need 
take little longer than routine phlebotomy yet carries a 
valuable diagnostic yield which may be life saving.

The issue of antibiotic resistance is of particular relevance 
to areas of high HIV prevalence since resistance is up to 
five times as common among isolates from HIV-infected 
patients than in isolates from HIV-uninfected patients. 
This increase in antibiotic resistance is particularly true 
for Streptococcus pneumoniae4’5’11.

Bacterial meningitis is an infection in a body compart
ment that has little innate host resistance. Specific 
antibody and complement are frequently undetectable in 
the CSF so that phagocytosis is inefficient and bacterial 
multiplication is rapid. Optimal treatment therefore 
requires adequate CSF concentration of a bactericidal 
antibiotic to which the infecting organism is sensitive.

CSF concentration of antibiotic is dependent upon the 
characteristics of the antibiotic and the integrity of the 
blood-brain barrier. For antibiotics that are lipid soluble, 
such as chloramphenicol, penetration into the CSF is high 
and reaches 30% to 40% of the serum concentration. For 
less lipid soluble drugs such as penicillin, CSF penetration 
is limited. Even in the presence of inflamed meninges, 
penicillin concentrations in the CSF may still only be 5% 
of the serum levels. This provides the rationale for use of 
high-dose regimens used in bacterial meningitis compared 
to other forms of severe sepsis. High-dose regimes are of
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particular importance in the context of increasing 
resistance to antimicrobials, especially the penicillin- 
based therapies for which reduced sensitivity can be 
overcome by adequate antibiotic concentrations.

Once in the CSF, antibiotic efficacy depends upon the 
sensitivity of the infecting organism. Over the past few 
decades, there has been a global rise in antibiotic 
resistance of bacterial isolates from patients with menin
gitis. Increasing resistance to both penicillin and 
chloramphenicol has been reported in all age groups 
from several areas in Africa. Notably, resistance of H. 
influenzae to chrolamphenicol amongst neonates in Kenya 
rose from 8% to 80% between 1994 and 200012. A recent 
report from Malawi reports penicillin and chlorampheni
col resistance amongst isolates from adults to be 16% and 
24%, respectively3. More worrying is the increasing 
incidence of dual resistance amongst isolates to both 
chloramphenicol and penicillin4-13.

The clinical implication of reduced penicillin sensitivity 
remains controversial. Nonetheless, many experts no longer 
consider penicillin an acceptable therapy for patients 
suspected of having invasive pneumococcal disease, espe
cially if the central nervous system is involved.

Although the main stay of empiric therapy in much of 
Africa remains penicillin and chlormphenicol, there is 
increasing evidence to consider changing the first-line 
therapy to a third-generation cephalosporin. Apart from 
the sensitivity data already discussed, several other 
arguments strongly favour such a change. First, ceftriax
one and cefotaxime have a proven record of clinical 
efficacy in the treatment of bacterial meningitis when 
compared to penicillin and chloramphenicol. Secondly, 
ceftriaxone has the advantage that once daily dosage is 
effective in treating adult bacterial meningitis. This has 
obvious positive implications for both patient comfort and 
nursing time. Thirdly, with the expiry of the patent for 
many of the third-generation cephalosporins, the daily cost 
of therapy with a cephalosporin may now be significantly 
less than that of crystapen and chloramphenicol.

Whichever antibiotic is used as first-line therapy, 
resistance is likely to emerge or increase with continued 
usage. There is, therefore, a continuing need to regularly 
monitor and review sensitivity patterns and to adjust local 
antibiotic policies accordingly.

The role of adjuvant steroid therapy in the management 
of adult bacterial meningitis in sub-Saharan Africa has 

, not yet been reported. Steroids were of no benefit in a 
paediatric population in Malawi6-14 although they 
resulted in a significant improvement in outcome in an 
adult population of HIV-negative patients in Europe6.

Conclusion

Bacterial meningitis continues to be a significant health 
problem in developing countries. Streptococcus pneumo
niae is the most common organism identified and is 
frequently associated with HIV co-infection. Increasing 
awareness amongst both health workers and the public,

and the promotion of early hospital referral, diagnosis 
and appropriate antibiotic therapy are likely to improve 
prognosis. Improved access to HAART, vaccination and 
the use of primary antibiotic prophylaxis may reduce the 
incidence of bacterial meningitis in the future.
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A B S T R A C T

BA CK G R O UN D

In sub-Saharan Africa, bacterial meningitis is common and is associated with a high 
mortality. Adjuvant therapy with corticosteroids reduces mortality among adults in 
the developed world, but it has not been adequately tested in developing countries 
or in the context o f  advanced human immunodeficiency virus (HIV) infection.

M E T H O D S

We conducted a randomized, double-blind, placebo-controlled trial o f  dexametha- 
sone (16 mg twice daily for 4 days) and an open-label trial o f intramuscular versus in
travenous ceftriaxone (2 g twice daily for 10 days) in adults with an admission diag
nosis o f bacterial meningitis in Blantyre, Malawi. The primary outcome was death at 
40 days after randomization.

RESULTS

A total o f 465 patients, 90% of whom were HIV-positive, were randomly assigned to 
receive dexamethasone (233 patients) or placebo (232 patients) plus intramuscular cef
triaxone (230 patients) or intravenous ceftriaxone (235 patients). There was no sig
nificant difference in mortality at 40 days in the corticosteroid group (129 o f  231 
patients) as compared with the placebo group (120 o f 228 patients) by intention-to- 
treat analysis (odds ratio, 1.14; 95% confidence interval [Cl], 0.79 to 1.64) or when 
the analysis was restricted to patients with proven pneumococcal meningitis (68 o f  
129 patients receiving corticosteroids vs. 72 o f  143 patients receiving placebo) (odds 
ratio, 1.10; 95% Cl, 0.68 to 1.77). There were no significant differences between groups 
in the outcomes o f  disability and death combined, hearing impairment, and adverse 
events. There was no difference in mortality with intravenous ceftriaxone (121 o f  230 
patients) as compared with intramuscular ceftriaxone (128 o f229 patients) (odds ratio, 
0.88; 95% Cl, 0.61 to 1.27).
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C O N C L U S I O N S

Adjuvant therapy with dexamethasone for bacterial meningitis in adults from an 
area with a high prevalence o f  HIV did not reduce mortality or morbidity. In this 
setting, intramuscular administration was not inferior to intravenous administra
tion o f  ceftriaxone for bacterial meningitis. (Current Controlled Trials number, 
ISRCTN31371499.)
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ACTERIAL M E N IN G IT IS  RANKS 10TH AS 
a cause o f death from infectious diseases 
worldwide1 and is common in the develop

ing world.2 Its incidence in Malawi, where most 
adult medical inpatients have advanced human im
munodeficiency virus (HIV) infection, is 50 per 
100,000 adult person-years,3 more than 10 times 
the incidence seen in industrialized countries.4 
Streptococcus p n e u m o n ia e  is the most common caus
ative organism, with a mortality o f  65%5 as com
pared with 26 to 34%6-7 in industrialized countries 
before the introduction o f adjuvant therapy with 
corticosteroids.

The host inflammatory response in bacterial 
meningitis contributes to neuronal injury8 and can 
be modulated by corticosteroids.9 In Europe, corti
costeroids given as adjuvant therapy reduce mor
tality among adults, particularly in pneumococcal 
meningitis,7 and reduce hearing loss in children 
after H a e m o p h ilu s  in flu e n za e  type b meningitis.10 
Consequently, corticosteroids have been incorpo
rated into therapeutic guidelines11-12 and are rec
ommended particularly for pneumococcal menin
gitis.13 Data from developing countries or from 
areas o f  high prevalence o f  HIV regarding the 
use o f  corticosteroids in bacterial meningitis are 
scarce. In Egypt, an open-label trial that included 
adults and children suggested a reduction in mor
tality for patients with pneumococcal meningi
tis.14 A pediatric trial in Malawi showed no ben
efit from corticosteroids in children with bacterial 
meningitis.15 Trials restricted to adults in devel
oping countries have either shown no benefit or 
lacked sufficient power.1619 Corticosteroids are 
inexpensive, safe, and accessible, and they would 
therefore be appropriate for such patients i f  they 
prove to be effective. We conducted a double-blind, 
randomized, placebo-controlled trial o f  adjuvant 
therapy with dexamethasone in adults with bacte
rial meningitis in Malawi.

In many parts o f  sub-Saharan Africa, intrave
nous therapy cannot be easily administered. In
tramuscular ceftriaxone therapy has been assessed 
in bacterial meningitis in children but not in 
adults.20-21 If intramuscular therapy is shown to 
be effective, it may facilitate early antibiotic thera
py in remote areas. Thus, patients also were ran
domly assigned in a factorial design to receive 
antibiotic therapy either intramuscularly or intra
venously.

M E T H O D S

The study was conducted between May 2002 and 
January 2005 in Queen Elizabeth Central Hospi
tal in Blantyre, Malawi. This hospital offers free 
care to 10,000 adult medical inpatients per year, 
70% of whom have HIV infection. All patients who 
had a lumbar puncture were referred immediately 
to a member o f  the trial staff for assessment o f  
eligibility. Inclusion criteria were a clinical suspi
cion o f  bacterial meningitis and either positive 
cerebrospinal fluid on microscopy (defined as or
ganisms seen on Gram’s stain or more than 100 
white cells per cubic millimeter, o f  which more 
than 50% were neutrophils) or cloudy cerebrospi
nal fluid when immediate microscopy was unavail
able. Exclusion criteria were age younger than 16 
years, corticosteroids received in the previous 48 
hours, cryptococcus detected in cerebrospinal fluid 
specimens by means o f  microscopy, or contrain
dications to study drugs. Patients or their legal 
guardians provided written informed consent or, 
i f  they were unable to read or write, independently 
witnessed verbal consent before recruitment. The 
study design and data collection were conducted 
by members o f  the University o f  Malawi College 
o f  Medicine. The funding body (Meningitis Re
search Foundation) and the pharmaceutical com
panies donating drugs (Emcure Pharmaceuticals 
and Cipla) played no part in the design, conduct, 
analysis, or reporting o f  the results, nor were they 
involved in the writing or approval o f  the manu
script The study was approved by the research eth
ics committees o f  the University o f  Malawi College 
o f  Medicine and the Liverpool School o f  Tropical 
Medicine.

Patients were randomly assigned to receive ei
ther dexamethasone (Dexacip, Cipla) at a dose o f  
16 mg in 4 ml o f  sterile water twice daily or place
bo (buffered sterile water, Cipla) at a dose o f  4 ml 
twice daily intravenously for 4 days, and either in
tramuscular or intravenous ceftriaxone (C-Tri, Em
cure Pharmaceuticals) at a dose o f  2 g twice daily 
for 10 days. Dexamethasone or placebo was ad
ministered immediately before the administration 
o f  ceftriaxone. Patients received care in the gener
al medical wards. When necessary, patients were 
transferred to a high-dependency unit and antibi
otic therapy was modified according to antimicro
bial-sensitivity patterns and clinical progress.
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Randomization was performed by computer
generated blocks o f  eight in a two-way factorial 
design. Notification o f  treatment allocation was 
provided in sealed, opaque envelopes assigned to 
consecutively recruited patients; opening the en
velope constituted entry to the trial. Dexametha- 
sone and placebo were presented as clear, color
less fluid in identical packaging labeled only with 
the randomization number; the corticosteroid 
component o f  the trial was therefore conducted 
in a double-blind fashion.

Cerebrospinal fluid specimens were examined 
by means o f  microscopy for cell and differential 
counts, and by staining with India ink. A Gram’s 
stain procedure was performed if  the sample was 
turbid or had more than 10 white cells per cubic 
millimeter. Centrifuged cerebrospinal fluid depos
its were incubated on sheep-blood agar in a can
dle-extinction jar at 37°C for 48 hours and isolates 
were identified by means o f  standard techniques.22 
Blood was cultured at 37°C for a minimum o f 48 
hours (BacT/Alert, bioMérieux). In the first 51 con
secutive cerebrospinal fluid specimens for which 
Gram’s stain and culture were negative, poly
merase chain reaction (PCR) for meningococ
cus and pneumococcus was performed.23 Antibi
otic sensitivity was assessed by means o f  disk 
diffusion.24

For patients who survived to discharge, HIV 
testing with pretest and post-test counseling was 
performed after consent was obtained. In patients 
who died, HIV testing was performed at least 
3 months after death. Testing was performed by 
means o f  two enzyme-linked immunosorbent as
say tests (Vironostika, Organon Teknika, and 
HIV-l/HIV-2 Go EIA, Abbott); discordant results 
were tested by means o f  a third test (Uni-Gold, 
Trinity Biotech).

Patients were treated in the hospital for a mini
mum o f 10 days and were evaluated at 40 days and 
at 6 months. Clinically evident adverse events were 
recorded systematically throughout the trial pe
riod. At follow-up, patients had a standardized 
neurologic examination and a hearing assessment. 
Patients who did not return for follow-up appoint
ments were visited at home. Details regarding 
hearing and disability assessment are presented 
in the Supplementary Appendix, available with the 
full text o f  this article at www.nejm.org.

The predefined primary outcome was mortal

ity at 40 days from randomization by intention- 
to-treat analysis. Secondary outcomes were time to 
death, combined disability and death as defined 
by the Glasgow Outcome Score25 at day 40, hear
ing impairment at day 40, death at 10 days, and 
death at 6 months.

Subgroup analyses were performed for patients 
with proven or probable bacterial meningitis, 
proven bacterial meningitis alone, and proven 
pneumococcal meningitis. Proven bacterial men
ingitis was defined as identification o f  an organ
ism from a cerebrospinal fluid specimen by means 
o f microscopy, culture, or PCR or from blood cul
ture in the context o f  a cerebrospinal fluid speci
men containing a white-cell count o f  more than 
100 per cubic millimeter with more than 50% 
neutrophils. Probable bacterial meningitis was 
defined as a cerebrospinal fluid specimen contain
ing a cell count o f  more than 100 per cubic mil
limeter with more than 50% neutrophils without 
identification o f  an organism. The analytic plan 
was approved by the data and safety monitoring 
board and the trial steering committee before un
blinding. A planned interim analysis was per
formed by the data and safety monitoring board 
after 100 deaths.

On the basis o f  a background mortality o f  56% 
and an ability to detect a 20% or greater differ
ence in mortality, the initial sample size o f  660 
patients was modified to 420 patients to detect 
a 30% difference after publication o f  the results 
o f  a European trial that showed a relative risk o f  
death o f  0.59 for corticosteroid treatment.7 For 
the primary outcome, a P value less than 0.05 was 
considered to indicate statistical significance. All 
P values are two-sided. Odds ratios and 95% con
fidence intervals were calculated and adjusted for 
predefined prognostic factors in a logistic-regres
sion model. The difference in time to death 
through 40 days between the groups was tested 
with the use o f  Cox proportional-hazard ratios. 
Data were analyzed with the use o f  Stata software, 
version 8.2.

R E S U L T S

O f 522 consecutive patients who met the entry 
criteria, 465 (89.0%) underwent randomization. 
O f those who underwent randomization, 233 pa
tients (50.1%) received corticosteroids and 232
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Figure 1. Enrollment, Randomization, and Analysis o f Patients.

(49.9%) received placebo (Fig. 1). HIV serologic sta
tus was available for 434 patients (93.3%), o f whom 
389 (89.6%) were HIV-positive. Four patients were 
known to be HIV-positive at the time o f admission; 
none were receiving antiretroviral therapy or pro
phylaxis against opportunistic infections. The me
dian CD4 cell count on admission in 101 consecu
tively recruited HIV-positive patients was 102 per

cubic millimeter (interquartile range, 51 to 169). 
Further details on CD4 cell count testing and HIV 
aftercare are included in the Supplementary Ap
pendix.

Clinical characteristics and results o f  labora
tory tests were similar in the comparison groups 
(Table 1). A total o f  325 patients (70%), 158 o f  
whom were in the corticosteroid group, had mi

•44 N E N G L  J M E D  357124 W W W .N E JM .O R G  D E C E M B E R  13, 2007

http://WWW.NEJM.ORG


C O R T IC O S T E R O I D S  FOR B A CT ER IA L M E N I N G I T I S  I N  S U B -S A H A R A N  A F R IC A

crobiologically proven bacterial meningitis. A total 
o f 102 patients (22%), 52 o f  whom were in the 
corticosteroid group, had probable bacterial men
ingitis. A total o f  38 patients (8%), 23 o f  whom 
were in the corticosteroid group, underwent ran
domization but were subsequently found to have 
diagnoses other than bacterial meningitis; 20 had 
cryptococcal meningitis (12 o f whom were in the

corticosteroid group), 7 had tuberculous menin
gitis (6 o f whom were in the corticosteroid group), 
and 11 had traumatic lumbar puncture (5 o f whom 
were in the corticosteroid group). Four patients 
underwent randomization in error; two were 
younger than 16 years o f  age, one had a cerebro
spinal fluid specimen with a white-cell count o f  
92 per cubic millimeter, and one had received oral

Table 1. Baseline Characteristics o f the Patients.*

Corticosteroid Placebo
Intramuscular

Ceftriaxone
Intravenous
Ceftriaxone

Characteristic (N=233) (N=232) (N=230) (N=235)
Age — yr 32.3±10.1 32.6±11.4 32.4±10.9 32.6±10.6

Male sex —  no. (%) 122 (52) 108 (47) 115 (50) 115 (49)

Glasgow Coma Scale score! 10.7±3.5 10.8±3.3 11±3.4 10.4±3.4

Hemoglobin —  g/dl 10.4±2.8 10.7±3.1 10.5±3.0 10.7±2.8

Median time to presentation —  hr (interquartile range) 72 (48-120) 72 (48-144) 72 (48-144) 72 (48-120)

Previous treatment with antimicrobial agents —  no. (%)j;

Oral 35 (15) 42 (18) 34 (15) 43 (18)

Parenteral 48 (21) 47 (20) 49 (21) 46 (20)

Not known 4 (2 ) 8 (3 ) 6 (3 ) 6(3)

Microbiologie diagnosis —  no. (%)

Proven bacterial 158 (68) 167 (72) 155 (67) 170 (72)

Streptococcus pneumoniae 130 (56) 145 (62) 131 (57) 144 (61)

Neisseria meningitidis 10(4) 10 (4) 13 (6) 7(3)
Other gram-negative organisms} 15(6) 10 (4) 9 (4 ) 16 (7)

Other*} 3 (1 ) 2 (1 ) 2 (1 ) 3(1 )

Probable bacterial (no organism identified) 52 (22) 50 (22) 56 (24) 46 (20)

Not bacterial meningitis 23 (10) 15 (6) 19 (8) 19(8)

Cryptococcal meningitis| 12 (5) 8 (3 ) 8 (3 ) 12 (5)

Mycobacterium tuberculosis 6 (3 ) 1 (0.4) 5 (2 ) 2(1)

Not meningitis 5 (2 ) 6 (3 ) 6 (3 ) 5(2)

Positive blood culture —  no. (% )** 82 (35) 68 (29) 69 (30) 81 (34)

Blood culture unavailable —  no. (%) 6 (3 ) 5 (2 ) 3 (1 ) 8 (3 )

HIV-positive —  no./total no. tested (%) 194/216 (90) 195/218 (89) 191/215 (89) 198/219 (90)

H IV  status not known —  no. (%) 17 (7) 14 (6) 15 (7) 16 (7)

Randomly assigned to receive intramuscular ceftriaxone — 117 (50) 113 (49)
no. (%)

Randomly assigned to receive corticosteroids —  no. (%) 117 (51) 116 (49)

*  Plus-minus values are means ±SD.
f  The Glasgow Coma Scale ranges from 3 to 15, with 3 indicating that the patient is unresponsive and 15 indicating that the patient is fully alert. 
± Details regarding pretreatment antibiotics are available in Table S I in the Supplementary Appendix.
|  Other gram-negative organisms were Escherichia coli (in 11 patients), non-typhi salmonella (in 7), Haemophilus influenzae 

(in 3), klebsiella species (in 3), and Enterobacter gergoviae (in 1).
1 Other bacteria were Staphylococcus aureus (in 2 patients) and ar-hemolytic streptococci (in 3).
| O f 20 patients, 10 were categorized as having probable bacterial meningitis on the basis o f the cell and differential counts from the cerebrospi

nal fluid specimen but were found to have cryptococcal meningitis either after prolonged incubation or after repeated lumbar puncture.
* * O f  150 positive blood cultures, 7 were positive for Cryptococcus neoformans.
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prednisolone within 48 hours before recruitment. 
All patients were included in the intention-to-treat 
analysis.

Organisms were seen on Gram’s stain in 263 of 
452 specimens (58%). A total o f 39 patients had a 
positive cerebrospinal fluid culture without a posi
tive Gram’s stain, and 6 patients had a positive 
blood culture with a cerebrospinal fluid specimen 
showing neutrophil pleocytosis but a negative 
Gram’s stain and culture. Of 51 consecutive cul
ture-negative cerebrospinal fluid specimens tested 
by means o f  PCR, 17 were positive for either pneu
mococcus (in 12 patients) or meningococcus (in 5) 
and were classified as proven bacterial meningitis. 
Reclassification o f  these cases as probable bacte
rial meningitis did not affect the interpretation o f  
the effect o f  corticosteroids in any subgroup. Ten 
patients had microbiologically proven dual infec
tion; all had pneumococcal meningitis with con
current non-typhi salmonella septicemia (in seven 
patients), Enterococcus faeca lis septicemia (in one pa
tient), or cryptococcemia (in two patients).

All patients who underwent randomization re
ceived at least one dose o f  the assigned treatment. 
All 437 patients who met the criteria for proven or 
probable bacterial meningitis on the basis o f find
ings from cerebrospinal fluid specimens received 
corticosteroids or placebo for 4 days or until death 
and ceftriaxone for 10 days or until death. O f the 
remaining 28 patients who underwent random
ization, 5 received corticosteroids or placebo for 
4 days or until death and 3 received ceftriaxone for 
10 days or until death. Corticosteroids were added

to therapy after the completion o f the initial 4 days 
o f therapy for three patients; two patients had ce
rebral edema (one o f  whom was in the cortico
steroid group), and one patient in the corticoste
roid group had a presumed drug rash. The results 
for these patients were analyzed according to the 
initial randomization.

The outcome at 40 days from recruitment was 
available for 459 patients (98.7%). O f six patients 
lost to follow-up (including two in the corticoste
roid group), two did not have bacterial meningitis 
and one was withdrawn from the trial therapy 
because o f  age (14 years). Overall mortality was 
249 o f 459 (54.2%). The association between base
line factors and mortality is shown in Table 2.

Mortality at 40 days from enrollment was 129 
o f 231 patients in the corticosteroid group (55.8%) 
and 120 o f  228 patients in the placebo group 
(52.6%) (odds ratio, 1.14; 95% confidence interval 
[Cl], 0.79 to 1.64; P=0.49). The adjusted odds ratio 
was 1.13 (95% Cl, 0.73 to 1.76). An on-treatment 
analysis, censoring events after premature discon
tinuation o f  the study drug, shows a similar mor
tality o f  125 o f 222 patients in the corticosteroid 
group (56.3%) and 117 o f  223 patients in the pla
cebo group (52.5%). Given the 80% power o f this 
study, a one-sided test excludes a reduction in 
40-day mortality in the corticosteroid group o f  
23% or greater. Time to death was similar in both 
groups (hazard ratio, 1.07; 95% Cl, 0.84 to 1.38) 
(Fig. 2). When an interaction term for the com
parison o f intravenous versus intramuscular cef
triaxone is included, the odds ratio for mortality

Table 2. Association between Baseline Characteristics and Mortality at 40 Days.

Characteristic Univariate Analysis Multivariate Analysis*

Odds Ratio (95% Cl) P Value Odds Ratio (95% Cl ) P Value
Male sex 1.09 (0.75-1.57) 0.67 0.98 (0.62-1.55) 0.94
Age >32 yr j 1.92 (1.32-2.79) 0.001 1.96 (1.24-3.10) 0.004

Glasgow Coma Scale score <12$ 2.77 (1.90-4.06) <0.001 4.10 (2.51-6.69) <0.001
Hemoglobin <10 g /d l| 1.82 (1.23-2.69) 0.003 2.19 (1.39-3.45) 0.001
>48-hr history^ 1.64 (1.07-2.50) 0.02 1.48 (0.87-2.49) 0.14

Pneumococcal infection 0.76 (0.52-1.10) 0.15 0.56 (0.34-0.93) 0.02

Previous treatment with antibiotics 1.19 (0.81-1.75) 0.364 0.93 (0.58-1.49) 0.76
HIV-positive 1.96 (1.05-3.69) 0.035 1.35 (0.67-2.72) 0.40

*  All factors in this table were included in the final model.
■¡•The mean age was 32.5 years.
X The Glasgow Coma Scale ranges from 3 to 15, with 3 indicating that the patient is unresponsive and 15 indicating that 

the patient is fully alert. The median Glasgow Coma Scale score on admission was 11.
5 The median hemoglobin level on admission was 10.4 g per deciliter.
1 A history o f >48 hours was considered to indicate late presentation.
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at day 40 in the corticosteroid group becomes 1.09 
(95% Cl, 0.64 to 1.83).

The results o f the intention-to-treat analysis and 
the predefined analyses for patients with proven 
and probable bacterial meningitis, proven bacte
rial meningitis, and pneumococcal meningitis in 
the corticosteroid trial are shown in Table 3. There 
were no differences in the rates o f  death, disability 
and death, or clinically detectable hearing loss at 
40 days or in mortality at 10 days or at 6 months. 
Further exploratory analyses showed no evidence 
that corticosteroids were effective in any subgroup 
(Table S2 in the Supplementary Appendix). Pat
terns of hearing loss and o f disability among sur
vivors are shown in Tables S3A and S3B in the 
Supplementary Appendix. As compared with pa
tients who received placebo, the temperatures o f  
patients in the corticosteroid group were lower 
during treatment (mean difference, 0.49°C at 
day 4; P<0.001) (Fig. SI in the Supplementary 
Appendix).

In the trial concerning the route o f  antibiotic 
administration, mortality at 40 days was 121 o f  
230 patients in the intravenous group (52.6%) and 
128 o f 229 patients in the intramuscular group 
(55.9%) (odds ratio, 0.88; 95% Cl, 0.61 to 1.26) 
(Table 4). An on-treatment analysis, censoring 
events after premature discontinuation o f  ceftri
axone, shows a similar mortality o f  119 o f  225 
patients in the intravenous group (52.9%) and 
124 o f  219 patients in the intramuscular group 
(56.6%). Given the actual 80% power o f this study, 
a two-sided test excludes an increase or decrease 
in 40-day mortality in the intramuscular group 
o f  25% and 24%, respectively. When an interaction 
term for the comparison o f corticosteroid and pla
cebo administration is included, the odds ratio 
for mortality at 40 days in the intravenous group 
becomes 0.84 (95% Cl, 0.5 to 1.14). In seven pa
tients, pain during intramuscular injection was 
sufficiently distressing for clinicians to switch to 
intravenous treatment. Only one isolate (S. p n e u 
m oniae) showed reduced susceptibility to ceftriax
one (Table S4 in the Supplementary Appendix).

There were no differences in the rates o f  ad
verse events potentially related to corticosteroid 
therapy and none resulted in withdrawal o f  pa
tients from the trial (Table S5 in the Supplemen
tary Appendix). Nineteen patients had adverse 
events that were more likely to be due to antibi
otics than corticosteroids; nine patients had late 
fever (including seven patients in the corticoste
roid group), five had rash (including two in the

corticosteroid group), three had diarrhea (includ
ing one in the corticosteroid group), and two had 
jaundice (both o f  whom were in the corticosteroid 
group).

D I S C U S S I O N

The greatest burden o f  bacterial meningitis in 
adults occurs in developing countries where mor
tality rates are high. If effective, corticosteroids as
adjuvant therapy would represent an affordable 
and appropriate intervention. The results o f  our 
study show that, in a setting where the majority
o f  patients are likely to have advanced HIV infec
tion, where presentation tends to be late, and where
S. p n e u m o n ia e  is the predominant pathogen, adju
vant therapy with dexamethasone for bacterial 
meningitis in adults confers no advantage with re
gard to mortality or morbidity at 40 days.

In our study, mortality was substantially higher 
than in it is in industrialized settings, but it was 
typical for a low-resource setting in sub-Saharan 
Africa. It was lower than in previous studies in 
Malawi,* * 3 *’5 * probably due to the use o f  ceftriaxone 
(rather than penicillin plus chloramphenicol) and 
the effect o f  improved care as a result o f  the pa
tients’ inclusion in a clinical trial.

The negative findings from this study, pre
dominantly in patients with advanced HIV disease, 
contrast with those o f  a European trial o f  corti
costeroids involving 301 adults with meningitis.7 
The European trial showed an overall reduction o f  
mortality from 15% to 7% at 8 weeks (P=0.04), 
and the benefit o f  corticosteroids was most marked 
in patients with pneumococcal meningitis. The 
current findings are similar to those o f  a large
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Table 3. Outcome for Patients Who Received Corticosteroid versus Placebo.

Outcome Corticosteroid Placebo Odds Ratio (95% C l)*

Unadjusted Adjusted

no./total no. (%)

Intention-to-treat population

Death, day 40 129/231 (56) 120/228 (53) 1.14 (0.79-1.64) 1.13 (0.73-1.76)
Disability or death, day 40"j- 150/227 (66) 146/224 (65) 1.04 (0.71-1.54) 1.01 (0.64-1.60)
Hearing loss, day 40 30/96 (31) 36/99 (36) 0.80 (0.44-1.44) 0.76 (0.37-1.54)
Death, day 10 99/232 (43) 96/230 (42) 1.04 (0.72-1.50) 1.01 (0.65-1.57)
Death, 6 mo 140/204 (69) 127/205 (62) 1.34 (0.89-2.02) 1.26 (0.77-2.06)
Proven or probable bacterial

meningitis:!:

Death, day 40 120/216 (56) 114/217 (53) 1.13 (0.77-1.65) 1.11 (0.71-1.73)
Disability or death, day 40 140/213 (66) 139/216 (64) 1.06 (0.71-1.58) 1.01 (0.63-1.60)

Hearing loss, day 40 30/90 (33) 35/97 (36) 0.86 (0.47-1.56) 0.82 (0.40-1.68)
Death, day 10 94/217 (43) 93/217 (43) 1.04 (0.71-1.51) 1.04 (0.66-1.63)
Death, 6 mo 130/194 (67) 120/194 (62) 1.25 (0.83-1.90) 1.25 (0.75-2.02)
Proven bacterial meningitis

Death, day 40 82/157 (52) 80/165 (48) 1.16 (0.75-1.80) 1.13 (0.67-1.90)
Disability or death, day 40 99/155 (64) 99/164 (60) 1.16 (0.74-1.83) 1.04 (0.60-1.79)
Hearing loss, day 40 26/72 (36) 30/79 (38) 0.92 (0.48-1.79) 0.87 (0.39-1.93)
Death, day 10 70/158 (44) 71/166 (43) 1.06 (0.69-1.65) 1.08 (0.64-1.84)
Death, 6 mo 91/143 (64) 84/148 (57) 1.33 (0.83-2.14) 1.37 (0.77-2.41)

Proven pneumococcal meningitis

Death, day 40 68/129 (53) 72/143 (50) 1.10 (0.68-1.77) 1.09 (0.62-1.93)
Disability or death, day 40 81/128 (63) 89/142 (63) 1.03 (0.63-1.68) 0.96 (0.53-1.73)
Hearing loss, day 40 22/59 (37) . 28/65 (43) 0.79 (0.38-1.62) 0.81 (0.35-1.88)
Death, day 10 61/130 (47) 65/144 (45) 1.07 (0.67-1.73) 1.04 (0.58-1.85)
Death, 6 mo 74/118 (63) 76/127 (60) 1.13 (0.67-1.89) 1.25 (0.67-2.32)

*  The adjusted odds ratios are adjusted for age, sex, H IV status, time from onset o f symptoms to presentation at the 
hospital, previous exposure to antibiotics, Glasgow Coma Scale score, hemoglobin level, pneumococcal or nonpneu- 
mococcal disease, and route of antibiotic administration. Age, length o f history, Glasgow Coma Scale score, and hemo
globin level are continuous variables.

t  Eight patients (four in each group) were known to be alive, but the investigators were unable to verify whether they had 
a disability.

X This category includes 10 patients classified as having probable bacterial meningitis (>100 white cells per cubic milli
meter, o f which >50% were neutrophils) but who subsequently were found to have cryptococcal disease after prolonged 
culture or repeated lumbar puncture.

trial involving children with meningitis in Mala
wi,15 which showed no survival advantage with 
corticosteroids.

Several differences in the study populations, 
alone or in combination, may explain the dispar
ity between the results from Malawi and else
where. In the current trial, o f  434 patients for 
whom serologic status was known, 90% were HIV
positive and the majority were likely to have had 
advanced disease. Although HIV status was not

reported in the European study, it is likely that 
the proportion o f  HIV-positive patients was 
much lower. HIV is a risk factor for the develop
ment o f  invasive pneumococcal disease26 and, al
though our study suggests that HIV is a predic
tor o f  mortality, it has previously been suggested 
that the outcome from meningitis in HIV-infected 
patients is better than that in HIV-negative pa
tients.27 Since patients with HIV already have an 
attenuated host response, corticosteroids may not
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Table 4. Mortality at 40 Days for Intravenous versus Intramuscular Ceftriaxone.

Intravenous Intramuscular
Group Ceftriaxone Ceftriaxone Odds Ratio (95% C l)*

Unadjusted Adjusted

no./total no. (%)

Intention-to-treat population 121/230 (53) 128/229 (56) 0.88 (0.61-1.27) 0.84 (0.54-1.30)
Proven and probable bacterial meningitis 115/221 (52) 119/212 (56) 0.85 (0.58-1.24) 0.79 (0.51-1.23)
Proven bacterial meningitis 87/168 (52) 75/154 (49) 1.13 (0.73-1.75) 0.92 (0.55-1.56)
Pneumococcal meningitis 74/142 (52) 66/130 (51) 1.06 (0.66-1.70) 0.87 (0.49-1.54)

*  These odds ratios were adjusted for age, sex, H IV status, time from the onset o f symptoms to presentation at the hos- 
Pita*» previous exposure to antibiotics, Glasgow Coma Scale score, hemoglobin level, receipt o f corticosteroid or place- 
bo, and pneumococcal or nonpneumococcal disease. Age, length o f history, Glasgow Coma Scale score, and hemoelo- 
bin level are continuous variables. &

confer any additional advantage. Since only 45 
patients in the current trial were known to be HIV
negative, we were unable to test this hypothesis, 
although it would be consistent with the point es
timates for mortality among HIV-negative as com
pared with HIV-positive patients.

There are many barriers to accessing health 
care in sub-Saharan Africa, and presentation is 
often delayed. The median length o f  history in the 
current study was 72 hours, as compared with 
24 hours in the European study. Delayed presen
tation was associated with a poorer outcome in 
the current trial, although adjusting for this fac
tor in the analysis had no effect. The general 
health o f  participants was likely to be substan
tially lower in the current study (e.g., a mean he
moglobin level o f 10.4 g per deciliter at admission) 
as compared with the European study, and the 
intensity o f medical assistance was inevitably low
er. Such factors almost certainly contributed to the 
higher mortality reported here, but they cannot 
explain the lack o f  benefit from corticosteroids.

A total o f  36% o f  the patients in the European 
study had pneumococcal meningitis, and these 
patients received the greatest benefit from corti
costeroids as adjuvant therapy. In the current trial, 
59% o f  the patients had pneumococcal disease, 
but they did not benefit from corticosteroid thera
py. It seems unlikely, therefore, that the organism 
mix explains the difference between the results 
o f  the two studies. We had insufficient numbers 
o f patients to perform a reliable subgroup analy
sis for other organisms, but comparable trials have 
not shown a benefit o f  corticosteroids in patients 
with meningococcal meningitis. Recent exposure 
to antibiotic therapy was not an exclusion crite
rion, since this would have made the study non

representative o f  African practice. The majority of 
patients did not receive antibiotics before recruit
ment, and analysis restricted to these patients did 
not show any advantage o f  corticosteroid therapy.

Given the mean weight o f  men in Malawi 
(60.0 kg)28 as compared with that o f  men in Eu
rope (80.6 kg),29 the dosing schedule used for 
dexamethasone (16 mg twice daily, vs. 10 mg every 
6 hours in the European study) reflects an equiv
alent total daily dose for weight. Thus, consider
ing the long biologic h a lf life o f  dexamethasone, 
the difference in dosing regimens between the 
studies is unlikely to account for differences in the 
results.

We consider that the results o f  this study based 
on 249 deaths, as compared with 32 deaths in the 
European study, are unlikely to be a chance find
ing. The negative results o f  the current study sug
gest that the evidence o f  the benefit o f  corticoste
roids from a European trial cannot be extrapolated 
to the very different setting o f  a high prevalence 
o f  HIV infection in sub-Saharan Africa. The im
plications for HIV-positive adults with pneumo
coccal meningitis outside Africa or those receiv
ing antiretroviral therapy are unclear. The results 
from this study suggest that the intramuscular 
administration o f  ceftriaxone is an effective ther
apy for bacterial meningitis in areas where ac
cess to intravenous therapy is limited.

This trial does not provide support for the rou
tine inclusion o f  corticosteroids in the manage
ment o f  adult bacterial meningitis in resource-poor 
areas where pneumococcus is the primary patho
gen and where a substantial proportion o f patients 
are likely to have advanced HIV disease. Until al
ternative adjuvant therapies prove effective or ap
propriate vaccines become widely available,30 mor

N E N G L J  M E D  357:24 W W W .N E JM .O R G  D E C E M B E R  13, 2 0 0 7 2 4 4 9

http://WWW.NEJM.ORG


C O R T I C O S T E R O I D S  F O R  B A C T E R I A L  M E N I N G I T I S  I N  S U B - S A H A R A N  A F R I C A

tality from bacterial meningitis in such settings 
is likely to remain unacceptably high.
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Hearing assessment methods

Hearing was assessed by live voice speech presentation audiometry ’ in all patients 
and, where patients were unable to correctly localise finger rub, by single frequency 
(1000Hz) pure tone audiometry. We were unable to conduct pure tone audiometry in 
patients followed up in the community as the instrument was dependent on an 
electrical supply which was not available in most patients’ homes, or in patients who 
remained on the ward at the time of follow-up.
Hearing assessment was available in 195 out of 210 patients who survived to one 
month post recruitment. Mild hearing loss was defined as ‘unable to localise finger 
rub at approximately 5cm from the ear, unable to hear whispered voice at 30cm or a 
hearing threshold above 40 decibels’. Severe hearing loss was defined as ‘unable to 
hear spoken voice at 30 cm from the ear or a hearing threshold of greater than 60 
decibels’. For speech presentation, patients were asked to repeat three words 
presented to each ear from behind the patient, with occlusion of the contra lateral ear. 
Words were in appropriate vernacular, consisted of two equally emphasised syllables 
and avoided high frequency sounds ( e.g. ‘f , ‘s’, V , ‘ch’, ‘th’). Failure to correctly 
repeat two or more words was taken to represent hearing impairment for that test. 
Where possible, tests were conducted in a setting where there was minimum ambient 
noise. Results of the hearing assessments are presented in table S3 A



Disability assessment using the Glasgow Outcome Score.

Disability was assessed using the Glasgow Outcome Score3 where 4 was no disability, 
3 was disabled but able live independently and return to school or work, 2 was 
disabled but dependent upon others for routine daily tasks, 1 was minimally 
responsive and 0 was dead. A score of 1, 2 or 3 represented disability. We excluded 
from this scoring system minor neurological deficits such as isolated cranial nerve 
palsies which had no impact on patients’ activities of daily living, and all cases of 
hearing impairment other than profound bilateral deafness. Details of the pattern of 
disability amongst survivors at 40 days are presented in table S3B.

CD4 count testing and HIV after-care.

CD4 counts were available in 101 HIV positive patients. Prior to March 2004, ARVs 
were not available to vast majority of this population and there was no immediate 
prospect of ARVs becoming available. Therefore CD4 counts were not clinically 
indicated and, in the view of local clinicians, may have caused distress to patients. In 
March 2004 a clear plan for provision of ARVs became evident. From this time 
forwards, CD4 counts were routinely requested at the time of recruitment. Of the 109 
patients for whom CD4 counts were available, 101 tested HIV positive, 6 were HIV 
negative and 2 did not have an HIV test.
All CD4 counts were performed on admission samples so as to avoid bias in favour of 
those patients who survived, but at the risk of underestimating the true baseline value 
as CD4 counts are liable to be depressed during an acute illness.
All HIV positive patients admitted after March 2004 and who survived to follow-up 
were referred to the hospital ARV clinic regardless of CD4 count. Triommune® 
(nevirapine, stavudine and lamivudine) was offered free of charge as first line therapy 
to patients with a clinical diagnosis of AIDS. As per the national guidelines for 
Malawi at the time of the trial, Cotrimoxazole was not given for routine prophylaxis 
against opportunistic infections.



Table SI

Pre-treatment exposure to parenteral and oral antibiotics

No of 
patients*

Median no 
of doses

Duration of therapy prior 
to admission (hours)

Parenteral antibioticT <24 24- 72 >72

Penicillin + chloramphenicol 58 2 50 8 0

Penicillin 32 1 27 5 0

Chloramphenicol 4 3 2 1 1

Gentamicin1 1 1 1 0 0

Oral antibiotic8

Penicillin / Amoxycillin 26 4 14 6 6

Cotrimoxazole 19 3 9 5 5

Tetracycline / doxycyline 3 1 2 1 0

Chloramphenicol 3 8 0 2 1

Ciprofloxacin 2 9 0 0 2

Unidentified 4 3 2 1 1

Sulfadoxme-pyremethamme11 

monotherapy within 48 hours

20 1

* In 12 pts, no data are available on whether or not antibiotics were taken prior to admission. 
Four patients were on anti-tuberculous chemotherapy at the time of admission.

+ In combination with oral antimicrobials in 19 patients
* In combination with other parenteral antibiotics in 12 patients
5 In combination with additional less appropriate oral antimicrobials in 16 patients 
11 First line therapy for malaria in Malawi. Taken in combination with additional oral 

or parenteral antibiotics in a further 29 patients.



Table S2.

Exploratory sub-group analysis for mortality at 40 days by baseline characteristics.

Steroids (%) Placebo (%) Odds ratio (95% Cl) P

Overall mortality ITT 129/231 (56) 120/228 (53) 1.14 (0.79-1.64) 0.49

Pneumococcal disease 68/129 (53) 72/143 (50) 1.10 (0.68-1.77) 0.70

Non-pneumococcal disease 61/102 (60) 48/85 (57) 1.15 (0.64-2.06) 0.65

Other bacterial meningitis 14/28 (50) 8/22 (36) 1.75 (0.56-5.48) 0.34

Culture negative meningitis 36/52 (69) 33/49 (67) 1.09 (0.47-2.52) 0.84

Non bacterial disease 11/22 (50) 7/14 (50) 1.00 (0.26-3.82) 1.0

Cryptococcal meningitis 6/12 (50) 5/8 (63) 0.60 (0.10-3.72) 0.58

TB meningitis 2/6 (33) 0/1

Not meningitis 3/4 (75) 2/5 (40) 4.50 (0.25-80) 0.52

Prior antibiotics* 47/82 (57) 48/87 (55) 1.09 (0.59-2.01) 0.78

No prior antibiotics 79/145 (55) 65/133 (49) 1.25 (0.78-2.01) 0.35

HIV positive 115/194 (59) 105/194 (54) 1.23 (0.82-1.84) 0.31

HIV negative 8/22 (36) 10/23 (44) 0.74 (0.24-2.46) 0.63

HIV status unknown 6/15 (40) 5/11 (46) 0.80 (0.17-3.86) 0.78

Time to presentation < 48 hrt 26/59 (44) 27/58 (47) 0.91 (0.44-1.87) 0.79

Time to presentation > 48 hr 102/170 (60) 92/167 (55) 1.22 (0.79-1.89) 0.36

Haemoglobin > lOg/dl* 63/121 (52) 58/132 (44) 1.39 (0.84-2.27) 0.20

Haemoglobin < lOg/dl 56/94 (60) 56/85 (66) 0.76 (0.41-1.40) 0.38

GCS < 12§ 86/126 (68) 80/128 (63) 1.29 (0.77-2.17) 0.34

GCS > 12 43/105 (41) 40/100 (40) 1.04 (0.60-1.82) 0.89

Age < 32 1 52/113 (46) 56/120 (47) 0.97 (0.58-1.63) 0.92

Age > 32 77/118 (65) 64/108 (60) 1.29 (0.75-2.21) 0.35

Male 70/121 (58) 56/107 (52) 1.25 (0.74-2.11) 0.40

Female 59/110 (54) 64/121 (53) 1.03 (0.61-1.73) 0.91

Parenteral or oral therapy received within 48 hours of recruitment, known or likely 
to be an antimicrobial based on description given by patient or guardian 

î >48 hours taken to represent late presentation 
* Median admission Hb = 10.4g/dl 
§ Median GCS on admission =11 
^Mean age = 32.5 years



Table S3A

Pattern of hearing loss amongst survivors at 40 days

Hearing Loss Steroid

n=96

Placebo

n=99

P value

Mild unilateral 11 10 0.76

Mild bilateral 7 14 0.12

Severe unilateral* 5 5 0.96

Severe bilateral 7 7 0.95

Any hearing loss 30 36 0.45

includes three patients in each arm who also had mild hearing loss in the contra 
lateral ear.

Table S3B

Pattern of disability amongst survivors at 40 days

Disability Steroid Placebo p value

n=98 n=104 (Fisher’s exact test)

Paresis 6 11 0.32

Intellectual impairment 4 9 0.25

Blindness 2 5 0.45

Complete deafness 5 4 0.46

Debility 6 4 0.53

Recurrent seizures 0 2

Any disability* 21 26 0.62

*2 patients in the steroic group and 9 in the placebo group had more than ¡disability



Table S4

Antibiotic sensitivities by disc diffusion*

Antibiotic Pneumococcus1

n=275

Meningococcus

n=20

Gram Negative 

(includes 3 H. inf) 

n=25

sens res % res sens res % res sens res % res

Penicillin 211 18 8 13 0 0 2 8 80

Chloramphenicol 122 103 46 13 0 0 2 8 80

Co-trimoxazole 11 203 95 13 0 0 8 0 0

Tetracycline 74 139 65 2 11 85 4 15 79

Ceftriaxone 202 1 0.5 9 0 0 18 0 0

* Sensitivity data not available for all isolates
i 3 other alpha haemolytic streptococci were all sensitive to ceftriaxone and 
chloramphenicol; 1 was sensitive to penicillin



Table S5.

Adverse events possibly related to steroid administration

Event Steroid Placebo P value

(n=233) (n=232)

Hyperglycaemia* 29/202 23/205 0.34

Proven GI bleed 0 1

Abdominal pain 3 6 0.31 (Fisher’s exact)

Transient pruritis 1 0

Herpes labialis 61 58 0.77

Varicella zoster 9 7 0.62

Pulmonary TB 6/100 6/108 0.89

during follow-up

* Random blood glucose >11. lmmol/1 (200mg/dl)
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Introduction
Acute bacteria] meningitis is at least ten times more 
common in developing countries than in the rest of the 
world' and is almost always fatal without treatment.2 
Survival depends on accurate diagnosis and the early 
admini stration of antibiotics,’ neither of which is easy to 
achieve when resources are limited. Additional factors, 
such as advanced HIV infection, malnutrition, and 
antibiotic-resistant bacteria, complicate the management 
of the infected patient. For these reasons, acute bacterial 
meningitis presents an exceptional challenge to 
physicians working in resource-poor settings. We have 
focused this review on the common clinical problems 
that arise when a patient with acute bacterial meningitis 
presents to a doctor and we review the evidence available 
to resolve these problems in settings with limited 
resources;

Diagnosis of acute bacterial meningitis 
Clinical features
The clinical features of acute bacterial meningitis usually 
develop over 24-48 hours but their nature varies according 
to the age of the patient. Panel 1 outlines the common 
symptoms and signs of bacterial meningitis in older 
children and adults. The triad of headache, neck stiffness, 
and photophobia is difficult to assess in young children 
and other features should be sought. Irritability, reduced 
conscious level, a bulging fontanel, poor feeding, 
cyanosis, “staring eyes”, and seizures outside the age 
range for febrile convulsions have all been independently 
associated with bacterial meningitis in young children.4"'’ 

Neck stiffness, fever, and altered mental state are 
amon g the most commonly reported signs and symptoms 
in adults with bacterial meningitis,7 although one or 
more of these signs and symptoms is commonly absent.871 
The authors of a recent series reported that all three 
features were present in only 44% of 696 adults with

proven bacterial meningitis,10 but the absence of all three 
excluded the diagnosis, with a sensitivity of 99%.'°"

Neck stiffness is commonly regarded as the most 
specific sign of bacterial meningitis but it is reported by 
only 50-90% of patients4-7 and is frequently absent in 
patients who are comatose. Conversely, neck stiffness can 
also be a sign of subarachnoid haemorrhage, tetanus,12 or 
other infections that are associated with a high fever. Neck 
stiffness has been reported by 13% of adult general 
medical inpatients (35% of elderly patients) who did not 
have meningitis,13 and in a Kenyan paediatric study only 
40% (30 of 76) of children with neck stiffness had a final 
diagnosis of bacterial meningitis.14 The poor diagnostic 
value of neck stiffness is not improved by Kernig’s or 
Bmdzinski’s signs because neither has a sensitivity of 
more than 10%.s

P a n e l 1 : Common symptoms and signs of bacterial 
meningitis and their frequency in older children and adults

Symptoms
Fever (75-95%)
Headache (80-95%)
Photophobia (30-50%)
Vomiting (90% of children; 10% of adults)

Signs
Neck stiffness (50-90%)
Confusion (75-85%)
Kernig's sign* (5%)
Brudzinski's signst (5%)
Focal neurological deficit (20-30%)
Fits (15-30%)
Rash (10-15%)

*Resistanceto passive extension of the knee when the hip is flexed at 90”. 

tSpontaneous flexion of the hips and knees on passive flexion of the neck.

Acute bacterial meningitis is more common in resource-poor than resource-rich settings. Survival is dependent on 
rapid diagnosis and early treatment, both of which are difficult to achieve when laboratory support and antibiotics are 
scarce. Diagnostic algorithms that use basic clinic and laboratory features to distinguish bacterial meningitis from 
other diseases can be useful. Analysis of the CSF is essential, and simple techniques can enhance the yield of 
diagnostic microbiology. Penicillin-resistant and chloramphenicol-resistant bacteria are a considerable threat in 
resource-poor settings that go undetected if CSF and blood can not be cultured. Generic formulations of ceftriaxone 
are becoming more affordable and available, and are effective against meningitis caused by penicillin-resistant or 
chloramphenicol-resistant bacteria. However, infection with Streptococcus pneumoniae with reduced susceptibility to 
ceftriaxone is reported increasingly, and alternatives are either too expensive (eg, vancomycin) or can not be widely 
recommended (eg, rifampicin, which is the key drug to treat tuberculosis) in resource-poor settings. Additionally, 
improved access to affordable antibiotics will not overcome the problems of poor access to hospitals and the fatal 
consequences of delayed treatment. The future rests with the provision of effective conjugate vaccines against 
S pneumoniae, Haemophilus influenzae, and Neisseria meningitides to children in the poorest regions of the world.
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F ig u r e  1 :  A low-resource se ttin g  and the  clin ica l features o f  bacterial m ening itis
(A ) A  general m edical w a rd  in M alaw i: a typical setting in th e  developing w o rld  fo r th e  m a n a g e m e n t o f bacterial m eningitis. (B ) M eningitis-associated 

subconjunctival h aem orrhage. (C ) Fine petechial rash associated w ith  dissem inated in fe ction  a n d  m e n in g itis d ue to  S ta p h y lo c o c c u s  a u re u s . (D ) Ecchym osis 

associated w ith  S t r e p to c o c c u s  suis bacteraem ia and m e ningitis. (E ) T h e  petechial skin rash th a t accom panies m eningitis due to  N e is s e r ia  m e n in g o c o c c u s .

(F ) S tre p to c o c c u s  p n e u m o n ia e  bacterial meningitis w ith right third-cranial-nerve palsy and severe oral herpes simplex infection, w hich are co m m only associated w ith 

pneum ococcal m eningitis.

Focal neurological deficit or a history of seizures is 
present in 15-30% of adults and children710 "15“ but also 
occurs in patients with tuberculous or cryptococcal 
meningitis. A petechial or purpuric skin rash is seen in 
about 10-15% of adults with bacterial meningitis.710 Most 
rashes are associated with meningococcal disease, 
although they can also be seen in patients with 
pneumococcal, staphylococcal, or haemophilus 
bacteraemia (figure 1). An inflammatory arthritis can 
occur in a few patients, particularly those with 
meningococcal disease.17

Causative organisms and differential diagnoses
Streptococcus pneumoniae, Haemophilus influenzae, and 
Neisseria meningitides are the most important causes of

acute bacterial meningitis worldwide. However, several 
other infections can cause acute meningitis with similar 
clinical features (panel 2). Some of these infections are 
associated with specific population groups; for example, 
Streptococcus suis is the commonest cause of acute 
bacterial meningitis in southeast Asia18 but occurs rarely 
elsewhere. HIV infection is an important factor that 
affects the aetiology of acute meningitis. S pneumoniae is 
the commonest cause of acute bacterial meningitis in 
HIV-infected patients, but meningitis caused by 
Mycobacterium tuberculosis and Cryptococcus neoformans is 
also common in this group, and can be difficult to 
distinguish from acute bacterial meningitis on clinical 
grounds alone.19“ Meningitis caused by these two 
organisms often presents with symptoms that occur over
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days or weeks,21 but both organisms can cause fulminant 
disease with marked neck stiffness and rapid progression 
to coma.®'“

Partially treated acute bacterial meningitis is a common 
and difficult diagnostic dilemma in resource-poor 
settings. In some countries, antibiotics can be bought 
freely over the counter; for example, the authors of a 
Vietnamese study reported 61% of 435 adults with acute 
bacterial meningitis had undefined antibiotic treatment 
in the community before admission to hospital.23 The 
differentiation of partially treated acute bacterial 
meningitis from tuberculous meningitis and the other 
causes of aseptic meningitis is extremely difficult with 
only limited diagnostic facilities. In high-income 
countries, most cases of aseptic meningitis are caused by 
viruses, particularly enteroviruses.24 A viral aetiology is 
difficult to confirm in resource-poor settings but might 
account for 14-25% of all meningitis illnesses in African 
regions that have a high HIV seroprevalence;25 26 most of 
these cases are likely to be due to enteroviruses.22

The distinction of cerebral malaria from acute bacterial 
meningitis can be difficult, particularly in children from 
sub-Saharan Africa where malaria is often 
over-diagnosed.2“ Both diseases are common causes of 
headache, fever, and altered consciousness; the authors 
of a trial in Malawi reported that 42% of426 adult patients 
who were diagnosed with bacterial meningitis received 
antimalarial treatment during the course of their illness 
but only two patients had a final diagnosis of malaria.29 
Investigators in Kenya found that 14% of comatose 
children under 1 year who had malaria parasites seen on 
a blood film had proven bacterial meningitis; the 
investigators concluded that acute bacterial meningitis 
must be actively excluded in all comatose children in 
sub-Saharan Africa, regardless of whether malarial 
parasites are seen in the blood.10

Investigations 
Blood tests
The microscopic search for malarial parasites is an 
important blood test in regions where malaria is endemic. 
The test has a negative predictive value greater than 95%,31 
although this is commonly not appreciated.32 A negative 
blood film from a febrile patient should prompt a thorough 
search for an alternative diagnosis. In seriously ill children 
from regions where malaria is endemic, a blood film that 
is positive for malaria is hard to interpret, and analysis of 
the CSF is often needed to determine whether or not the 
patient has acute bacterial meningitis.13 34

Full blood count and electrolyte concentrations, even 
when available, are of limited value in the diagnosis of 
acute bacterial meningitis. The total white cell count in 
the peripheral circulation is usually raised due to a 
neutrophilia but can be lowered in severe infection. 
Blood glucose concentration should be measured, where 
possible, because it contributes to the interpretation of 
die results of the C S F  analysis.

P a n e l 2 : Common infectious causes of meningitis in resource-poor settings

Bacterial
• S tre p to c o c c u s  p n e u m o n ia e (commonest cause worldwide; associated with HIV 

infection)
• H a e m o p h ilu s  in fu e n z a e type B
• Neisseria m e n in g it id e s (serogroups A, W-135, C, and X cause epidemics in Africa; serogroups 

B and C are more common in Europe, North America, Australia, and east Asia)
• S tre p to c o c c u s  s u is (commonest cause of bacterial meningitis in southeast Asia)
• S ta p h y lo c o c c u s  a u re u s (uncommon)
• Group B streptococci (common cause in neonates)
• L is te r ia  m o n o c y to g e n e s (neonates, elderly people, and immune compromised)
• E n te ro b a c te r ia c a e spp (neonates, elderly people, and immune compromised)
• Non-typhi S a lm o n e lla sp (patients in Africa who are infected with HIV)
• M y c o b a c te r iu m  tu b e rc u lo s is (more common with HIV infection)
• T re p o n e m a  p a l l id u m

Fungal
• C ry p to c o c c u s  n e o fo rm a n s (advanced HIV infection)

Parasitic
• A n g io s t ro n g y lu s  c a n to n e n s is and Gnathosto m a  s p in ig e ru m  (eosinophilic meningitis in 

southeast Asia)
• T o x o c a ra  c a n is (worldwide)

Viral
• Herpes viruses (herpes simplex and varicella zoster)
• Enteroviruses

Blood cultures are positive in about two-thirds of adult 
patients with bacterial meningitis in Europe10 and about a 
third in poorer countries.23-29 Test results take at least 
24 hours to become available and, therefore, cannot 
contribute to the initial management strategy. However, 
test results can be useful, particularly when CSF was not 
obtained before antibiotics were given and when 
empirical therapy fails. In many countries, the facilities 
for blood culture are unavailable.

A rapid HIV test is an important investigation in areas 
of high HIV prevalence35 because a positive test result 
broadens the differential diagnosis; cryptococcal 
meningitis, tuberculous meningitis, and toxoplasma 
meningoencephalitis should be considered.

Lumbar puncture
Analysis of the CSF is most likely to establish or exclude 
a diagnosis of meningitis and determine its cause; 
however, such tests are not often done. A survey of 
inpatient paediatric practice in 14 Kenyan hospitals found 
that 7% of 639 children who were admitted had fever and 
a stiff neck; 13 were diagnosed with acute bacterial 
meningitis but none had a lumbar puncture.36

Lumbar puncture is often delayed or deferred owing to 
concern about the risk of cerebral herniation.32 We believe 
that this risk is overemphasised and needs to be assessed 
in the context of the care available. In high-income 
countries, the usual practice is to obtain brain imaging 
before lumbar puncture in patients with focal neurological
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signs (including new-onset seizure activity), papilloedema, compromised.JS-" The imaging approach is inappropriate 
reduced level of consciousness, or in the immuno- for many practitioners in resource-poor settings; even

i g u r e  2: The microbiological 
features o f  bacterial 

m eningitis
(A ) G ram -positive diplococci 

f S t re p to c o c c u s  p n e u m o n ia e  in 

the CSF. (B ) Neutrophils and 

ra m -n e g a tive  rods in the CSF 

o f a n  elderly patient w ith  

m e n in g itis  due to E s c h e r ic h ia  

coii. (C ) G ram  stain of CSF 

s h o w in g  intracellular G ra m - 

»ositive cocci o f  S tre p to c o c c u s  

s u is ; G ra m  staining alone can 

n o t differentiate betw een 

S suis a n d  S p n e u m o n ia e . (D ) 

G ra m  stain o f a skin smear 

taken fro m  a petechial lesion 

th a t contains m any G ram 

positive S p n e u m o n ia e  

diplococci. (E ) O ptochin-disc 

test to  differentiate 

S p n e u m o n ia e  from  o ther 

streptococcal species: 

pneum oniae is alm ost always 

usceptible, whereas all other 

treptococci are resistant and 

w ifi grow  up to the disc 

argin. (F ) O ptochin-sensitive 

S p n e u m o n ia e  cultured from  

ie  CSF (bacteria d o  not g ro w  

th e disc m argin). (G ) Cloudy 

C S f from  an adult w ith  

icterial m eningitis. A  fibrous 

spider clot (arrow ) form ed 

after 1 hour. Spider clots are 

)t d iagnostic for tuberculous 

e n in g itis but can form  w hen 

the concentration o f protein 

i  th e  C SF is high (> l-5  g/dL), 

regardless o f aetiology. 

(H ) Si ngle acid-fast bacilli 

a rro w ) in  the CSF of an adult 

w ith  tuberculous m eningitis 

Zieh l-N eelsen stain; counter 

stain m ethylene blue).
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when imaging is available, cerebral herniation cannot 
reliably be predicted by abnormalities on brain CT and a 
normal CT does not exclude the risk of coning.41 In our 
opinion, the omission of a lumbar puncture for fear of 
complications carries a greater risk of death in a 
resource-poor setting due to inaccurate diagnosis than 
the inherent risks that are associated with the procedure, 
regardless of focal signs or a reduced level of 
consciousness.

Analysis of the CSF
Measurement of CSF opening pressure is of limited 
diagnostic value because it can be raised in patients with 
meningitis of any aetiology, and up to 10% of patients 
with acute bacterial meningitis can have normal CSF 
opening pressure at presentation.7

When laboratory facilities are limited, the gross 
appearance of the CSF is often used to determine the 
likelihood of acute bacterial meningitis. Turbid CSF 
implies the presence of inflammatory cells, but can also 
indicate red cells or microorganisms. In Kenyan children, 
turbid CSF predicted probable or proven bacterial 
meningitis in less than 40% of cases and was seen in at 
least 1% of patients who did not have bacterial meningitis. 
Clinicians who made a diagnosis of acute bacterial 
meningitis on the basis of neck stiffness or CSF turbidity 
were likely to miss 30% (21 of 71) of proven or probable 
cases.4 In Vietnamese adults, 2% of patients with bacterial 
meningitis and 57% of patients with tuberculous 
meningitis had clear CSF at presentation.42

Microscopic assessment of the number and type of 
cells in the CSF provides important diagnostic 
information. The total CSF white cell count exceeds 
1000 cells per pL in more than 90% of adult patients in 
Europe with acute bacterial meningitis but has wide 
variation; considerably lower cell counts are seen in 
children14 and in immunocompromised patients,41 and 
acellular CSF has been reported in immunocompetant 
patients with meningococcal44-45 and pneumococcal 
meningitis.46 Neutrophils are usually the predominant 
cell type in the CSF of patients with bacterial meningitis, 
but high numbers of neutrophils can also be seen early 
in the course of viral and tuberculous meningitis.20-47

Biochemical analysis of the CSF can help to distinguish 
bacterial meningitis from other infectious and
inflammatory processes but can be difficult when 
laboratory facilities are scarce. Raised CSF protein 
concentration is a non-specific indicator of acute 
bacteria] meningitis and many other inflammatory 
disorders. Low CSF glucose concentration
(<2-5 mmol per L or <50% plasma value) is a more 
useful finding because it is seen in more than 90% of 
patients with acute bacterial and tuberculous meningitis 
but not in most cases of viral meningitis.48 In general, 
viral47 and cryptococcal meningitis50 cause less
pronounced biochemical changes compared with
bacterial or tuberculous meningitis.

Panel 3- Ways to improve the diagnostic yield of microbiology

• Examine CSF before or shortly after antibiotics are started
• Submit a large volume of CSF (>5 mL) for microbiological analysis
• Centrifuge at high relative centrifugal force (3000 g) for 20 min, particularly if the 

diagnosis of tuberculous meningitis is considered, and stain and culture the deposit 
(biochemical tests can be done on the supernatant)

• Examine the microscope slide carefully for at least 10 min. If searching for acid-fast 
bacilli, increase to at least 20 min and first search the areas with most cells

When microscopic and biochemical analyses are not 
available, the semiquantitative estimation of glucose, 
protein, and leukocyte esterase concentrations in the 
CSF with urine dipsticks might be considered. The 
results of a study in Kuwait of 234 CSF samples implied 
that urine dipsticks accurately identified all patients with 
healthy CSF and 97% of patients with abnormal CSF.51 In 
addition, the dipsticks could distinguish viral from 
bacterial meningitis in 98% of cases. The authors of 
several subsequent studies have reported similar 
results,52-54 although the sensitivity can be considerably 
lower in clear CSF compared with turbid CSF.55 Additional 
tests for nitrites in CSF can improve the sensitivity.56 The 
usefulness of dipsticks to distinguish bacterial from 
cryptococcal or tuberculous meningitis is uncertain.

Diagnostic microbiology
Gram staining of the CSF for meningitis-causing bacteria 
is 50-90% sensitive57 and is positive in up to 15% of cases 
that are negative after subsequent culture of the CSF.7 
The specificity of Gram staining the CSF to diagnose 
bacterial meningitis is nearly 100%57 (figure 2) and is 
useful to direct initial therapy, particularly when culture 
facilities are unavailable. With good bedside and 
laboratory practice, the Ziehl-Neelsen and India ink 
stains can be positive in 50-80% of cases of tuberculous 
and cryptococcal meningitis (panel 3).iM"

CSF culture is the gold standard for the diagnosis of 
bacterial meningitis and enables the determination of 
antibiotic sensitivities to direct appropriate therapy.
Pre-presentation antibiotic exposure is common in 
resource-poor settings25-29 and reduces the sensitivity of 
CSF culture and alters the CSF parameters; cell counts 
are reduced, lymphocytes can predominate, and glucose 
concentration rises.61-65 In a study of 128 children with 
bacterial meningitis, 97% who had not taken antibiotics 
before lumbar puncture were culture positive; this figure 
fell to 67% and 56% for patients who had received oral or 
parenteral antibiotics, respectively.61

The diagnostic usefulness of bacterial-antigen detection 
in the CSF by card immunochromatography or by latex 
agglutination is controversial. Some authors have reported 
high specificity for the diagnosis of pneumococcal, 
meningococcal, and haemophilus meningitis64-66 and 
increased sensitivity compared with culture in 
antibiotic-exposed patients.67-68 Other investigators have
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Age group Requirements Aim Sensitivity (%)Specificity (%)

Chavenet and 

co-workers"

Adults and 

children
Microscopy and 

biochemistry
ABM vs viral 100% 71%

85%

Nigrovicand

co-workers'*

Children History, microscopy, 

and biochemistry

ABM vs viral 100% 66%

Hoen and Adults and Microscopy and ABM  vs viral 89% 94%
co-workers'3 children biochemistry 100% 70%

* t Berkley and 

co-workers1

Children History and 

examination

ABM 79% 80%

tThw aites and 

co-workers11

Adults History, microscopy, 

and full blood count

TB M  vs ABM 86% 79%

O n ly tw o  studies were developed in resource-poor counties, and all except one (*) relied on laboratory data. 

tD eveloped in resource poor countries. ABM=acute bacterial meningitis. TBM =tuberculous m eningitis.

T a b le  1 : Comparison of five indicator or prediction rules for the early determination of the aetiology of 
meningitis

Intended
population

Predictive clinical parameters (and score if 
applicable)

Suggested diagnostic 
rule

Th w a ite s

a n d

co -w o rk e rs 1*’

Adults 

(> 1 4  years)

A g e  * 3 6  years-score 2 o r age < 3 6  years-score 0;

W h ite  W ood cell co unt *15 000 x  1 0 ! per m L=score 4  or 

w h ite  blood cell count <15 0 0 0  x 10J per m L=score 0; 

H istory of illness *6 d ays-score-5  o r 6  days=score 0; 
CSF total w hite ceil count *750 x  l o1 per m L=score 3 or 
CSF total w h ite  cell count <750 x 10! per m U s c o re  0 ;  

CSF neutrophils *90%-=score 4  or <90% =score 0

A  total score > 4  points is 

suggestive o f bacterial 

m eningitis; a total score 

¿ 4  points is suggestive 

oftuberculous 

m eningitis

Berkley and 

c o -w o rk e rs1
Children 

(2:60 days)
B ulging fontanel 

N eck stiffness 

Cyanosis

Im paired consciousness 

Partial seizures

Seizures b eyond the age o f febrile convulsions

Bacterial m eningitis is 

probable if on e  o r m ore 

o f these findings is 

present, and a lum bar 

puncture should be d one

T a b le  2 : Predictors of acute bacterial meningitis in resource-poor settings

found these tests contribute little to the diagnosis of 
bacterial meningitis and are not sensitive enough, 
particularly in pretreated individuals.6” 1 The performance 
of the cryptococcal-antigen latex agglutination test is more 
reliable, with 93-100% sensitivity and up to 98% 
specificity.72 However, these tests are expensive and are 
best reserved for patients in whom an initial microscopic 
analysis does not to contribute to the diagnosis or when 
the facilities for microscopy and culture are unavailable.69 
No equivalent rapid tests are available for the diagnosis of 
tuberculous meningitis.

Diagnostic prediction rules and algorithms 
Many hospitals in low-income countries do not have 
culture facilities. Clinicians, therefore, rely heavily on 
clinical features and simple laboratory data to make a 
diagnosis. Several diagnostic rules have been proposed 
that use the clinical features at presentation to predict the 
diagnosis of bacterial meningitis4,73-74 or to distinguish 
pyogenic from other types of meningitis (table i).42'7S7“ .™ 
However, only two such rules have been developed for 
resource-poor settings (table 2).

There are important limitations to these rules. First, 
CSF culture is the gold standard against which prediction 
rules are measured but culture is not sensitive enough

itself, particularly where prehospital antibiotic exposure 
is common. Indeed, some of the diagnostic rules that 
were developed in wealthy countries excluded pretreated 
patients whose cultures were negative,76,77 which prevents 
the use of these rules in many resource-poor settings. 
Second, changes in the CSF white cell count, and protein 
and glucose concentrations depend on age, race, and 
organism73,77 and can not necessarily be generalised 
among different populations. Most rules aim to 
distinguish between bacterial meningitis, viral meningitis, 
or uninfected CSF; few rules aim to differentiate bacterial 
from tuberculous42 or cryptococcal meningitis, both of 
which are major causes of meningitis in low-income 
countries. Third, some rules rely on the results of 
microscopic and biochemical tests, which might be 
unavailable in many hospitals in low-income countries. 
Finally, the performance of the diagnostic rules in settings 
with high HIV seroprevalence is likely to be substantially 
altered. Ugandan investigators developed a diagnostic 
algorithm for the management of adults with CNS 
infection; they suggested that a rapid HIV test and lumbar 
puncture were the crucial initial investigations followed 
by tests for cryptococcus in the CSF if the HIV test was 
positive.35 Further assessments of this potentially useful 
algorithm have not been published.

Treatment of bacterial meningitis
Choice of antibiotic therapy
Ceftriaxone has become affordable to many developing 
countries since its patent expired in 2005.79,8“ In 2007, 
WHO guidelines for the treatment of bacterial meningitis 
in Africa recommended ceftriaxone as first-line therapy.81 
Nevertheless, penicillin (ampicillin/amoxicillin or 
benzylpenicillin) and chloramphenicol are still used in 
many developing countries. The authors of a recent 
systematic review and meta-analysis compared the 
efficacy of third-generation cephalosporins with 
conventional antibiotics (mostly ampicillin and 
chloramphenicol) and concluded that there was no 
significant difference in outcome with respect to death or 
neurological sequelae.82 However, much of the data came 
from studies done in the 1980s when the incidence of 
penicillin or chloramphenicol resistance was low. The 
authors of more recent studies suggest that resistance to 
penicillin or chloramphenicol in isolates of 
S pneumoniae or H influenzae is greater than 20% and 
that more than 10% of isolates are resistant to both 
drugs.1SM‘

The rising incidence of meningitis due to drug-resistant 
organisms is a major threat and poses particular problems 
in resource-poor settings. Resistance can go unnoticed 
owing to the lack of facilities for culture and susceptibility 
testing, and second-line antibiotics might be unobtainable. 
Ceftriaxone-resistant S pneumonae is now a major global 
concern; in Africa, about 5% of S pneumoniae isolates 
have reduced susceptibility' to ceftriaxone.81 Reports of 
ceftriaxone-resistant H influenzae and N meningitidis are
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still rare, although the WHO highlights the importance 
of improvements in the capacity of regional and national 
laboratories to document drug resistance and the 
implementation of longitudinal surveillance programmes 
to detect changes in resistance patterns.81

What are the options to treat patients in resource-poor 
settings who have meningitis due to S pneumoniae that 
has reduced susceptibility to ceftriaxone? In developed 
countries, vancomycin is recommended in combination 
with ceftriaxone,87 but vancomycin is expensive and rarely 
available in resource-poor settings. The fluoroquinolones 
might be effective but there are few clinical data to 
confirm their efficacy. Rifampicin is cheap, widely 
available, achieves adequate concentrations in the CSF, 
and is active against ceftriaxone-resistant S pneumoniae.mt>'> 
However, the use of rifampicin for non-tuberculous 
infection would risk an increase in the incidence of 
rifampicin-resistant tuberculosis and, therefore, can not 
be recommended for the widespread empirical treatment 
of resistant pneumococcal disease.

Route of administration and duration of therapy
The route and duration of therapy are important 
considerations in resource-poor settings because the skills 
and equipment needed for intravenous treatment are 
often scarce. Ceftriaxone has the advantage of being 
effective as a once-a-day dose and can be given 
intravenously or intramuscularly (table 3).50,51

Uncomplicated meningococcal disease can be treated 
effectively with one intramuscular dose of ceftriaxone or 
oily chloramphenicol80 and both are recommended by the 
WHO to treat epidemics of meningococcal meningitis in 
Africa.81 Therapy should be extended to at least 5 days in 
non-epidemic situations in patients who are younger 
than 24 months old or if fever, coma, or convulsions last 
for more than 24 hours.81

The optimum duration of therapy for meningitis 
caused by other bacteria is uncertain. A randomised trial 
in Chilean children who were older than 3 months 
compared 7 days’ treatment with ceftriaxone with 
4 days’ treatment in patients who made a good initial 
recovery; the authors reported similar outcomes in the 
two groups.52 Most cases in this trial were caused by 
N meningitidis or H influenzae. The investigators in a trial 
in India compared 7 days’ therapy with 10 days’ therapy 
for childhood meningitis caused mostly by S pneumoniae 
and reported similar outcomes between the groups.53 The 
WHO recommends that 5 days of antibiotic therapy is 
sufficient for most immunocompetent patients who 
make a prompt and uncomplicated recovery. Therapy 
should be extended in patients with persistent fever, 
seizures, coma, and in patients who are 
immunocompromised. Many authorities in high-income 
countries are more conservative and recommend at least 
7 days’ treatment for haemophilus and meningococcal 
meningitis and 10-14 days’ treatment for pneumococcal 
meningitis.53 The evidence that supports these 
recommendations is scant and further randomised trials 
are required.

More than 33 million adults and children live with HIV 
worldwide: 90% of those affected live in low-income 
countries.54 In such settings, the outcome from bacterial 
meningitis is worse in patients who are co-infected with 
HIV.55% Furthermore, for reasons unknown, antibiotic 
resistance is more common in patients who are infected 
with HIV.57 There are no controlled trials of the optimum 
duration of therapy in patients with HIV, but owing to 
the poor treatment outcomes many authorities 
recommend a minimum of 10 days’ treatment for 
meningitis caused by S pneumoniae and H influenzae, and 
7 days’ treatment for meningitis caused by N meningitidis. 
Non-typhoidal salmonellal meningitis is an important

Dose in children 
(sl4 years)

Dose in adults 
(>14 years)

Route Duration of therapy Comments

C eftriaxone 10 0 m g/kg/day 

(single d ose)

2 g/day (single dose)Intram uscular or 
intravenous

A g e  <2 m o n th s 2>7 days 

A g e  >2 m o n th s  26 days*t

Th e  antibiotic o f choice if available 

and affordable

C efotaxim e 22 5 -3 0 0  m g/kg/day 

(3 -4  divided d o se s)t

8 -1 2  g/day 

(4 -6  divided doses)

Intram uscular o r 

intravenous

A g e  <2 m o n th s s 7  days 

A g e  >2 m o n th s *5 dayst

Sim ilar to  ceftriaxone b u t less 

conveniently given

Benzylpenicillin 0-3 m U/kg/day 

(4 -6  divided doses)§

2 4  m U/day 

(6 d ivid e d  doses)

Intravenous A g e  <2 m o n th s a=7 days 

A g e  >2 m on th s 2*5 dayst
M ost H a e m o p h ilu s  in f lu e n z a e  are 

resistant; S t r e p to c o c c u s  p n e u m o n ia e  

resistance is increasing

A m p ic illin  o r 

a m oxicillin

300 m g/kg/day 

(4 divided doses)1f
12 g/day 

(6  divided doses)

Intram uscular, 

intravenous, o r oral**

A g e  <2 m o n th s 2>7 days 

A g e  >2 m o n th s 2*5 dayst
Resistance as for benzylpenicillin. 

Trea tm en t o f choice fo r listeriosis

Chloram phenicol 100 m g/kg/day 

(4  divided d o s e s )tt

1 0 0  m g/kg/day 

(4  divided doses)

Intram uscular, 

intravenous, o r oral

A g e  <2 m o n th s z ,7 days 

Age >2 m o n th s 26 days

H igh  p roportion o f H  in f lu e n z a e  and 

S p n e u m o n ia e  are resistant

Regim ens are based on those recom m ended by the Infectious Diseases Society of North America1” and the W H O .81 * A single dose of up to 4  g is effective in meningococcal 

epidem ic conditions in Africa, t  Extend therapy beyond 5 days if fever, coma, o r seizures still present at day 5 of therapy or if the patient is im m unocom prom ised. Suggest 

m in im u m  of 10 days in patients infected w ith H IV w h o have proven or suspected S p n e u m o n ia e meningitis. tReduce to 150 mg/kg/day (2 -3  divided doses) in neonates. 

SReduce to  0-2 mU/kg (6 -8  divided doses) if younger than 28 days old, and to  0-1 mU/kg (8 -1 2  divided doses) if younger than 7 days. UReduce to 200 mg/kg/day in those 

yo u n g e r than 1 month and to IS O  mg/kg/day if younger than 7 days. Many clinicians w ould also add gentamicin (7-5 mg/kg/day in 3 divided doses) w hen treating neonates. 

**Less than half of ampicillin dose is absorbed orally; therefore, use amoxicillin, t t  A single intramuscular dose («3  g ) of long-acting oily chloramphenicol is effective in 

m eningococcal epidemic conditions in Africa.

T a b le  3 : S u m m a ry  o f dose, ro u te , a n d  d u ra tio n  o f  a n tib io tic s  fo r th e  tre a tm e n t o f  bacterial m e n in g itis  in re sou rce -p oo r s ettings
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cause of bacterial meningitis in patients in sub-Saharan 
Africa who are infected with HIV; this meningitis 
requires at least 3 weeks of therapy.98

Counterfeit and substandard drugs
Counterfeit drugs are an increasing problem, and 
anti-infective drugs are the most commonly implicated, 
in particular penicillin, tetracycline, and chloram
phenicol.99 Reports of counterfeit ceftriaxone are rare, 
although the drug might be substandard for other 
reasons. Some generic preparations of ceftriaxone do not 
meet the manufacturing standards that are set by Roche 
for the proprietary drug rocephin"” or have similar 
efficacy.’1” Additionally, the quality of the drug can be 
compromised by failure to use the drug within its shelf 
life (3 years for ceftriaxone) or storage of the drug at high 
temperatures (>25°C for most antibiotics). The clinical 
consequences of counterfeit or substandard antibiotics 
include treatment failure, increased risk of drug 
resistance, and unpredictable toxicity and side-effects.

Adjunctive therapy
Dexamethasone
Adjunctive corticosteroids have long been suggested for 
the treatment of bacterial meningitis, although evidence 
that confirms their beneficial effect has been hard to 
obtain. The authors of a European trial of 301 adults 
showed that dexamethasone significantly reduced death 
and neurological sequelae.'02 Consequently, adjunctive 
corticosteroid therapy has been widely adopted in many 
high-income countries.87 Whether the same 
recommendations should apply to the developing world is 
uncertain. The authors of three large randomised trials— 
two in children8' l0Jand one in adults29—failed to show any 
benefit of dexamethasone. Patients in these trials differed 
substantially from those in the European trial: in all three 
studies, late presentation and prehospital antibiotic 
exposure were common. In the trials from Malawi, a 
quarter of the children (83) and 90% of the adults (29) were 
infected with HIV compared with none of the patients in 
the European trial. However, the authors of a recent trial 
from Vietnam have suggested that dexamethasone reduced 
the incidences of mortality and disability in adults with 
microbiologically proven bacterial meningitis.104 Patients 
in this subgroup were similar to the adults in the European 
trial bul there were also important differences: nearly 
two-thirds of the Vietnamese adults had antibiotics before 
recruitment, and S suis was the pathogen that was isolated 
most commonly. Dexamethasone did not reduce fatality or 
disability in all recruited patients, probably because of the 
inclusion of some patients with tuberculous meningitis.’04 

Owing to these conflicting data, recommendations for 
adjunctive steroid therapy in resource-poor settings are 
difficult. Adults who are HIV negative but who have 
microbiologically proven disease should probably receive 
adjunctive dexamethasone but there is little evidence to 
support the routine use of dexamethasone for other

subgroups. However, physicians should be reassured 
that there is little evidence that adjunctive corticosteroids 
cause harm.

Glycerol
Glycerol is a hyperosmotic compound that is used in 
neurosurgery and ophthalmology to reduce intracerebral 
and intraocular tissue pressure.'05 Glycerol is cheap, widely 
available, and can be given orally. The authors of a Finnish 
study that was done 20 years ago first suggested that 
glycerol might improve outcome from bacterial 
meningitis.'06 More recently, a trial of dexamethasone, 
glycerol, or glycerol and dexamathasone in 654 children 
with bacterial meningitis in Latin America showed a lower 
incidence of severe neurological sequelae in those treated 
with glycerol or glycerol and dexamethasone compared 
with placebo (intravenous saline or oral carboxymethyl- 
cellulose).'03 No statistically significant effect on death or 
deafness was seen in the treatment groups. The results of 
further controlled trials are awaited before glycerol can be 
widely recommended for the treatment of bacterial 
meningitis.

Other supportive therapies
Fluid resuscitation
A patient with acute bacterial meningitis must first be 
examined for signs of hypovolaemia and for compensated 
or decompensated shock, which needs urgent treatment. 
Treatment guidelines are best developed for 
meningococcal disease,'07 but septic shock is also common 
in pneumococcal and other meningitides, particularly 
when they present late.

Half of all children and a third of all adults that present 
with bacterial meningitis are hyponatraemic.108'09 Until 
recently, the syndrome of inappropriate antidiuretic 
hormone was thought to be the most common cause, 
and fluid restriction was advocated."0 This view has been 
challenged by the authors of a recent meta-analysis of 
three randomised trials who concluded that intravenous 
fluid resuscitation was preferable to fluid restriction."'

The route of administration and the type of fluid are 
important considerations in resource-poor settings. A 
nasogastric tube can be used if consciousness is reduced, 
although this risks pulmonary aspiration. Resuscitation 
with intravenous fluids might be quicker and more 
convenient than with a nasogastric tube but is more 
expensive, requires supervision by skilled nursing staff, 
and the risks of accidental overhydration are high. A 
randomised trial in Papua New Guinea"2 compared 
milk-based fluid resuscitation by nasogastric tube with 
intravenous fluid (0-45% Na Cl, 5% dextrose) rehydration 
in 357 children with bacterial meningitis. Fatality rates 
were high (17%) but were not significantly altered by 
treatment allocation. However, the children who were 
given intravenous fluids had significantly fewer seizures 
after 72 hours, reduced spasticity at 14 days, and reduced 
neurological sequelae at 4 weeks after the start of treatment
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than the children who had nasogastric resuscitation. In 
settings where presentation is late, these findings support 
the use of isotonic intravenous fluid resuscitation to 
achieve euvolaemia.

Prevention
Bacterial meningitis can be prevented by vaccination and 
by antibiotic chemoprophylaxis."* The latter is reserved 
for localised outbreaks caused by N meningitidis and the 
aim is to eradicate nasopharyngeal colonisation and 
transmission. Ceftriaxone, rifampicin, and ciprofloxacin 
are the most effective antibiotics,”3 although rifampicin 
resistance can develop quickly, and cases of 
fluoroquinolone-resistant N meningitidis have been 
reported.™1"1 Chemoprophylaxis is rarely used in 
resource-poor settings because of its cost and the 
limitations in the public health infrastructure.

In high-income countries, conjugate vaccines to 
H influenzae type-B, N meningitidis serogroup C, and 
S pneumoniae led to a striking reduction in invasive 
disease.1'6 In children younger than 5 years,
H influenzae type-B conjugate vaccine reduced the 
incidence of haemophilus meningitis by 89% when it 
was introduced in Kenya in 2001”7 and has virtually 
eliminated the disease from Uganda after its introduction 
in 2002.”* The efficacy of conjugate pneumococcal 
vaccines is reduced by bacterial serotypes that are not 
contained in the vaccine; for example, the seven-valent 
conjugate vaccine does not cover serotype 1, which might 
cause 50% of pneumococcal meningitis in parts of 
Africa.86 "9 The nine-valent vaccine covers serotype 1 and 
has reduced the incidence of invasive disease in 
HIV-infected and HIV-uninfected individuals in South 
Africa and the Gambia.'20'21 Nevertheless, further data 
about the pneumococcal serotypes that cause meningitis 
in resource-poor settings are required, and vaccines that 
contain more serotypes might be more effective. 
Additionally, the older, cheaper 23-valent polysaccharide 
vaccine might still have a role in those older than 2 years 
and in  individuals who are HIV negative.122

Capsular polysaccharide vaccines to N meningitidis 
serogroups A, C, Y, and W-135 have been available for 
30 years; they have been used extensively in the African 
meningitis belt1® and could be used effectively in 
sub-Saharan Africa.12* A conjugate vaccine to 
meningococcal serogroup A that has been developed for 
use in  Africa is currently in phase III trials.107

Conclusions
In resource-poor settings, the management of bacterial 
meningitis is particularly difficult because of factors such 
as late presentation of the disease, a wide d if fe re n tia l 
diagnosis, and the limited range of diagnostic facilities 
and therapeutic options. Advances such as the use of 
diagnostic algorithms, urine dipsticks, and the wider 
accessibility to ceftriaxone have been made. In the broader 
context of development, further improvements in

Search strategy and selection criteria

References for this Review were identified by searches of 
Medline and PubMed between 1969 and February, 2008, 
with the term "bacterial meningitis" in conjunction with 
"diagnosis", "therapy" and "prevention". Abstracts and 
reports from meetings were not included. The final reference 
list was generated on the basis of originality and relevance to 
the aims of the Review.

outcome from bacterial meningitis could be achieved by 
promoting public awareness of the symptoms and signs 
of meningitis, by improving access to health-care facilities, 
and by the development of locally appropriate clinical and 
laboratory skills. However, the greatest effect on mortality 
due to bacterial meningitis is likely to be through 
widespread use of vaccination technology. The 
implementation of vaccine campaigns on this scale entails 
considerable organisation, political wall, and funding. The 
Global Alliance for Vaccines and Immunisation (GAVI) 
was launched in 2000 and aims to garner all of these 
requirements. In 2006, 22% of the world’s birth cohort 
received a full course of H influenzae type-B vaccine 
compared with only 8% in 1999:124 a considerable 
achievement that lends great optimism for the future.
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Sensitivity and specificity of an index for the diagnosis of TB  
meningitis in patients in an urban teaching hospital in Malawi
Anna M. Checkley, Yasin Njalale and Matthew Scarborough

Queen Elizabeth Central Hospital, Malawi

Summary Tuberculous (TB) meningitis is difficult to diagnose and has a high mortality rate, particularly when
presentation is delayed. A diagnostic index developed in Vietnam, an area of low-HIV seroprevalence, 
has been proposed as a means to differentiate TB meningitis from acute bacterial meningitis using 
clinical and laboratory features. We applied this index over a 4-month period to adults presenting with 
meningitis to an urban teaching hospital in Malawi, where HTV seroprevalence is 70%  among medical 
inpatients. Eighty-five consecutive eligible patients were studied. Nine had TB meningitis, 64 bacterial 
meningitis and 12 cryptococcal meningitis. The sensitivity of the diagnostic index for predicting TB 
meningitis was 78% , with a specificity of 43% , too low to be used in the diagnosis of TB meningitis in 
this setting. This finding is likely to be generalizable to other southern African countries with similarly 
high-HIV seroprevalences.

keywords meningeal tuberculosis, bacterial meningitis, cryptococcal meningitis, diagnosis, Malawi

Introduction

Tuberculous (TB) meningitis carries a high mortality rate, 
particularly in sub-Saharan Africa. Published mortality 
rates vary from 30%  to 90%  (Karstaedt et al. 1998; 
Thwaites et al. 2000). Diagnosis is most accurately 
achieved by direct Ziehl-Neelsen staining or by culture of 
cerebrospinal fluid (CSF). The former has a low sensitivity, 
and the latter is too slow to be useful in making therapeutic 
decisions. Delays in diagnosis greatly increase mortality. A 
study in Johannesburg described an increase in mortality 
rate from 56%  to 90.5%  when treatment was delayed for 
longer than 24  h (Karstaedt et al. 1998). There is an urgent 
need to identify ways to improve early diagnostic accuracy, 
particularly in resource poor settings.

A diagnostic index has been developed in Ho Chi Minh 
City, Vietnam. It aims to differentiate TB meningitis from 
acute bacterial meningitis by use of clinical (age and length 
of history) and laboratory features (peripheral and CSF 
white cell count, and percentage CSF neutrophilia) which 
are available within the first few hours of admission 
(Thwaites et al. 2002a; Table 1). When applied to patients 
in Vietnam, a weighted diagnostic index score of <4 
predicted the occurrence of TB meningitis with a sensitivity 
of 85%  and a specificity of 79% . The method has been 
validated in Turkey, a country with similar HIV and TB 
prevalence to Vietnam, where it had a sensitivity of 95.6%  
and a specificity of 70.8%  (Sunbul et al. 2005). The index

has not been formally validated in an area of high-HTV 
seroprevalence where other infections, in particular crypto
coccal meningitis, are important differential diagnoses.

If applicable in sub-Saharan Africa, such a diagnostic 
index would facilitate early and appropriate chemotherapy 
for meningitis. If not applicable, its inappropriate use could 
potentially cause harm. We therefore assessed the sensi
tivity and specificity of the Vietnam diagnostic index in the 
diagnosis of TB meningitis at the Queen Elizabeth Central 
Hospital in Blantyre, Malawi, where the HIV prevalence 
among medical admissions is 70%  (Lewis et al. 2003).

Methods

We assessed the index against the clinical presentation of 
consecutive adult patients admitted with suspected men
ingitis to the adult medical wards at Queen Elizabeth 
Central Hospital, Blantyre, Malawi over a 4-month period, 
in 2004. Patients were identified by searching the labora
tory CSF records, in which details of all CSF samples were 
prospectively entered by laboratory staff. Clinical infor
mation was retrieved retrospectively from case notes and 
the hospital TB register. Admission data including age, 
prior or concomitant treatment with anti-infective therapy, 
length of history, chest radiograph findings, clinical 
features and results of CSF analysis were recorded. 
Outcome data were recorded at discharge in the TB 
meningitis and cryptococcal meningitis groups, and at

© 2008 Blackwell Publishing Ltd
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Table I Diagnostic index score derived from  adult patients in 
Vietnam !

Diagnostic index

Age (years)
S36 2
<36 0

Peripheral blood WCCJ (103/m l)
2:15 000 4
<15 000 0

Length of history (days)
>6 -5
<6 0

CSF tota l WCC ( 103/m l)
>900 3
<900 0

CSF % neutrophils
2:75 4
<75 0

T ota l <, 4 = TB meningitis.
T ota l > 4 = not TB meningitis. 
fThwaites e t  al. (2002).
JW hite cell count.

1-month in the bacterial meningitis group. Individuals 
were included in the study if sufficient information was 
available both to make a firm diagnosis of either TB, 
bacterial or cryptococcal meningitis, and to apply the 
diagnostic index. They were excluded if insufficient data 
were available either to make the diagnosis or to apply the

index. Two individuals (AC and YN) collected all data. 
They were not blinded to the diagnoses.

In the original study, a number of criteria were used to 
make a definite diagnosis of either TB or bacterial 
meningitis. The experimental diagnostic index was then 
applied to these groups to assess its diagnostic accuracy 
against the pre-defined ‘gold standard’. The criteria used in 
the Vietnam study for the diagnosis of TB and bacterial 
meningitis were modified to allow their application in our 
setting (Table 2). In the absence of TB culture, a diagnosis 
of TB meningitis could only be established if the patient 
had evidence of TB meningitis and improved on treatment. 
The definition of ‘response to therapy’ following bacterial 
meningitis was modified to ‘full recovery from signs of 
active infection’ because a large proportion of our patients 
suffer significant permanent neurological deficit. CSF 
glucose was estimated using urine reagent strips (Molyneux 
et al. 1999). A reagent strip reading of ‘negative’ on a scale 
of ‘negative’, ‘trace’, 1+, 2+, 3+, 4+ was used as a proxy for 
low-CSF glucose. Cryptococcal meningitis was diagnosed 
by positive India ink staining of CSF.

The Vietnam diagnostic index was then applied, in order 
to assess the sensitivity and specificity of this tool as a 
means of establishing an early diagnosis of TB meningitis 
in Malawi. Data were double entered onto an excell 
database and analysed using SPSS 11.0. Tests of association 
were made using the Student i-test for non-parametric 
distributed data, Wilcoxon rank-sum for skewed data and 
the chi-square test for binary data. A ROC analysis was

Table 2 Vietnam criteria fo r the definitive diagnosis o f tuberculous and bacterial m eningitis!; modifications fo r use in our setting in 
M alaw i

TB meningitis Bacterial meningitis

V ietnam f M alawi Vietnam M alawi

M . tu b e rcu lo sis  isolated from  CSF 
O r

N /A J Pathogenic bacteria isolated from  CSF 
O r

Same criteria

C lin ical meningitis w ith  -ve gram 
and India Ink stains, plus sterile bacterial 
and fungal cultures, plus > 1 of:

Same criteria C linical meningitis w ith  a ll 
o f the follow ing:

Same criteria

CT brain consistent w ith TB meningitis N /A J Lymphocytes and neutrophils in CSF Same criteria
C X K  consistent w ith active tuberculosis Same criteria CSF glucose < 50% blood glucose CSF glucose 

dipstick ‘negative’s
Good response to anti-TB chemotherapy Same criteria Sterile blood and CSF cultures 

Full recovery w ithout anti-TB 
chemotherapy 3 months 
after admission

Same criteria 
Full recovery from signs 
o f active infection w ithout 
anti-TB chemotherapy 1 month 
after admission

tThwaites e t  al. (2002).
JN /a , not available.
§On a scale ‘negative’, ‘trace’, 1+, 2+, 3+, 4+ (Bayer Diagnostics U ristix), Molyneux e t  al. (1999).
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used to find the optimum cut-off for the diagnostic index in 
this setting.

Results

During the study period May-August 2004, 136 patients 
presented with a presumed diagnosis of meningitis. Fifty 
were excluded from the study due to insufficient data being 
available to establish a definitive diagnosis or to apply the 
diagnostic index. Data from 86 patients were analysed. 
Table 3 indicates the clinical diagnoses and characteristics 
of those included and excluded from the study.

Diagnostic index scores were calculated. Seven out of 
nine patients with TB meningitis had a diagnostic index 
score of <4, correctly indicating the diagnosis as likely to be 
TB meningitis. The sensitivity of the scoring system was 
78%  (95%  Cl 4 0 -9 7 % ). However, all 12 patients with 
cryptococcal meningitis and 31 of 65 patients with 
bacterial meningitis had diagnostic index scores which 
wrongly predicted a diagnosis of TB meningitis. The 
specificity was 43%  (95%  Cl 32 -55% ), with a positive 
predictive value of 14%  and a negative predictive value of 
94%  (Table 4). Using a cut off generated by ROC analysis 
of <3.5 as the cut off for diagnosis of TB meningitis, the 
index had a sensitivity of 78%  (95%  Cl 40 -9 7 % ) and a 
specificity of 63%  (95%  Cl 51-94% ) (Figure 1).

Discussion

A diagnostic index designed to facilitate the early distinc
tion of TB meningitis from bacterial meningitis in Vietnam 
did not perform well in a large, urban teaching hospital in 
Malawi, southern Africa. The specificity of the algorithm 
for diagnosing TB meningitis was unacceptably low (43% ). 
Specificity was improved slightly (63% ) by using a differ
ent cut-off score to that used in Vietnam.

There are a number of possible reasons for the poor 
performance of this diagnostic tool in our study. Seropre- 
valence of HTV in Malawi is estimated to be 15%  in the 
general population (UNAIDS 2004) and 70%  among adult 
medical admissions to Queen Elizabeth Central Hospital,

Table 4 Diagnostic index scores by diagnosis

Diagnostic index

N ot TB
TB meningitis meningitis Total

‘Gold standard’ TB meningitis 7 2 9
diagnostic Bacterial 31 34 65
techniques meningitis

Cryptococcal 12 0 12
meningitis

Total 50 36 86

Sensitivity 78% (95% C l 40-97% ), specificity 43% (95% C l 32- 
55%).

Area under ROC curve = 0.713

Specificity

Figure I Receiver operator characteristic analysis to determine 
the optimum cut-off fo r the diagnostic index in this setting. Using a 
cut o ff o f <3, sensitivity was 78% (95% C l 40-97% ) and speci
fic ity  63% (95% C l 51-94% ).

Table 3 Patient characteristics
Mean age Mean age

% Male, % Male, (years), (years),
Cause of 
meningitis

Patients
identified

Patients
included

included
patients

excluded
patients

included 
patients (SD)

excluded
patients

A ll 136 86 57 44 31(±11) 35 (±12)
TB 26 9 67 47 32 <± 6) 40 (±12)
Bacterial 80 65 55 47 30 (± 11) 30 (±10)
Cryptococcal 30 12 58 40 39 (± 13) 36 (±13)
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Blantyre (Lewis et al. 2000), compared to <0.15%  in 
women attending antenatal clinics in Vietnam (Nguyen 
et al. 1999). HIV infection greatly alters the differential 
diagnosis and presentation of meningitis. The majority of 
patients with bacterial meningitis in this study had low 
peripheral and CSF white cell counts, favouring the 
diagnosis of TB meningitis according to the index. Acel
lular CSF is described in HIV positive patients with TB 
meningitis (Thwaites et al. 2002b), although HIV positive 
patients with TB meningitis more usually have similar 
clinical and CSF findings to those seen in HTV negative 
patients with TB and bacterial meningitis (Yechoor et al. 
1996 ; Karstaedt et al. 1998; Thwaites et al. 2005).

The aetiology of meningitis in Malawi differs to that in 
Vietnam where TB meningitis accounted for 57%  of cases 
and bacterial meningitis for 43%  (Thwaites et al. 2002). 
Bacterial meningitis is much more common in Malawi, 
accounting for 58%  of cases in this study, with crypto- 
coccal meningitis and TB meningitis accounting for 23%  
and 19%  of cases respectively. This is in accordance with 
previously published figures in Malawi (Gordon et al. 
2000 ). This significantly alters pre-test probabilities, and 
hence the positive and negative predictive value of the test.

Cryptococcal disease was a major factor influencing the 
poor performance of the diagnostic index in Malawi. The 
index was created in a country that has a very low 
incidence of cryptococcal meningitis. India ink examina
tion of CSF is the only test for cryptococcal meningitis 
routinely available in Malawi, as is the case in many 
health-care facilities in sub-Saharan Africa. Its low sensi
tivity means that patients with cryptococcal meningitis but 
a negative India ink test might be misdiagnosed with TB 
meningitis if the Vietnam diagnostic index was applied. 
Cryptococcal antigen testing kits can improve the sensi
tivity and specificity in the diagnosis of cryptococcal 
meningitis, but at present are too expensive for many 
developing countries. It was anticipated that the index may 
have been useful to identify a select group of patients who 
had either TB or cryptococcal disease who might benefit 
from targeted use of cryptococcal antigen testing, but in the 
event half of the cases of bacterial meningitis would also 
have been misclassified. A recently published evaluation of 
the diagnostic index in Vietnam demonstrated that among 
2 4  patients who had a discharge diagnosis of neither TB 
meningitis nor bacterial meningitis, the majority was 
classified as having TB meningitis by application of the 
diagnostic index, and a number of these had cryptococcal 
meningitis (Torok et al. 2007).

The major limitations of this study are that some data 
were not collected prospectively, and that a large propor
tion of patients had to be excluded due to an uncertain final 
diagnosis or due to insufficient data to apply the diagnostic

index. The presumptive diagnoses for the patients who 
could not be included suggests that the prevalence of 
cryptococcal meningitis was higher in this group (22% ) 
than in the study group where a definitive diagnosis could 
be made (14% ); as a result, this study may have overes
timated the accuracy of the diagnostic index. However, a 
high proportion of the cases of TB meningitis were also 
excluded, thus reducing the positive predictive value of the 
test in this population. Limitation of laboratory facilities 
precluded some of the laboratory tests used in the Vietnam 
diagnostic criteria.

In conclusion, our data suggest that the Vietnam 
diagnostic index, which is simple and clinically appropriate 
in a low HTV-prevalence setting, is not applicable to 
patients with meningitis in Malawi. HIV infection is likely 
to be the major factor contributing to its low specificity in 
this setting. This finding is of relevance to other countries 
with a high prevalence of HTV infection, especially in 
southern Africa.

References

Gordon SB, Walsh AL, Chaponda M  et al. (2000) Bacterial 
meningitis in  Malawian adults: pneumococcal disease is common, 
severe and seasonal. Clinical Infectious Diseases 31,53-57. 

Karstaedt AS, Valtchanova S, Barriere R &  Crewe-Brown HH 
(1998) Tuberculous meningitis in  South African urban adults. 
Quarterly Journal o f Medicine 91, 743-747.

Lewis DK, Callaghan M , Phiri K et al. (2003) Prevalence and 
indicators o f H IV  and AIDS among adults admitted to med
ical and surgical wards in  Blantyre, M alawi. Transactions o f 
the Royal Society o f  Tropical Medicine and Hygiene 97, 
91-96.

Molyneux EM, Walsh AL, Phiri AJ, Soko D, Tembo M  &  
Howarth I (1999) Does the use o f urinary reagent strip tests 
improve the bedside diagnosis o f meningitis? Transactions o f the 
Royal Society o f Tropical Medicine and Hygiene 93, 409-410. 

Nguyen TH , Hoang TL, Pham KC et al. (1999) H IV  monitoring in 
Vietnam: system, methodology, and results o f sentinel surveil
lance. Journal o f Acquired Immune Deficiency Syndrome 1, 
338-346.

Sunbul M , A tilla  A, Esen S, Eroglu C &  Leblebicioglu H (2005) 
Thwaites’ diagnostic scoring and the prediction of tuberculous 
meningitis. Medical Principles and Practice 14, 151-154. 

Thwaites GE, Chau TT, M ai N T  et al. (2000) Tuberculous 
meningitis. Journal o f Neurology, Neurosurgery and Psychiatry 
68, 289-299.

Thwaites GE, Chau TT, Stepniewska K et al. (2002a) Diagnosis o f 
adult tuberculous meningitis by use o f clinical and laboratory 
features. Lancet 360, 1287-1292.

Thwaites GE, Chau TT, Caws M  et al. (2002b) Isoniazid resis
tance, mycobacterial genotype and outcome in Vietnamese 
adults w ith tuberculous meningitis. International Journal o f 
Tubercle and Lung Disease 6, 865-871.

4 © 2008 Blackwell Publishing Ltd



Tropical Medicine and International Health VOLUME 13  NO 8 PP 1 -5  AUGUST 2.008

A. M. Checkley et al. Diagnosing TB meningitis in Malawi

Thwaites GE, Due Bang N , Huy Dung N  et al. (2005) The in flu 
ence of H IV  infection on clinical presentation, response to 
treatment, and outcome in  adults w ith  tuberculous meningitis. 
Journal o f Infectious Diseases 192, 2134-2141.

Torok ME, Nghia HD , Chau TT  et al. (2007) Validation o f a 
diagnostic algorithm fo r adult tuberculous meningitis. American 
Journal o f Tropical Medicine and Hygiene 77, 555-559.

UNAIDS (2004) Epidemiological fact sheet on H IV / AIDS and 
sexually transmitted infections, http://w ww.who.int/ 
GlobalAtlas/PDFFactory/HIV/index.asp.

Yechoor VK, Shandera W X, Rodriguez P &  Cate TR (1996) 
Tuberculous meningitis among adults w ith and w ithout H IV  
infection. Archives o f  Internal Medicine 156, 1710-1716.

Corresponding Author Anna M ary Checkley, Jenner Vaccine Institute, Old Real Campus Research Building, O xford University, 
Roosevelt Drive, O xford OX3 7Da, UK. Tel.: +44 1865 617615; E-mail: annacheckley@yahoo.com

© 2008 Blackwell Publishing Ltd 5

http://www.who.int/
mailto:annacheckley@yahoo.com



